
U.S. DEPARTMENT OF COMMERCE

NationalTechnical Information Service

N63-12686

Z-FUNCTION SOLUTIONS FOR THE MOTION AND

HEATING DURING ATMOSPHERE ENTRY FROM

EQUATORIAL ORBITS OF A ROTATING PLANET

Ames Research Center

Moffett Field, CA

Feb 63

J

=

=

J



F--[-_-'"



TABLE OF CONTENTS

Page

SUMMARY .............................. i

INTRODUCTION ............................. 2

NOTATION ............................... 3

Subscripts ............................. 6

ANALYSIS ............................... 6

Assumptions and Restrictions .................... 6

Differential Equations of Motion ................. 8

Extra-atmospheric motion ..................... 8

intra-atmospheric motion ..................... 9

Transformation of Coordinates .................... i0

as independent variable .................... i0

as independent variable .................... 13

Consideration of Atmospheric Rotation ................ 15

Useful Quantities Related to the Z Function ............ 16

Solution of Differential Equations ................ 18

Extra-atmospheric motion ..................... 18

Intra-atmospheric motion ..................... 19

RESULTS ANDDISCUSSION ........................ 21

Comparison With Other Solutions .................. 22

Effects of model atmosphere used ................ 22

Motion and heating during initial phase of entry ......... 23

Effects of Planet Rotation ..................... 24

Circular-velocity entry ..................... 24

Supercircular-velocity entry ................... 2_

SUMMARY OF RESULTS .......................... 26

APPENDIXES ............................... 29

A - CONDITIONS FOR SINGLE-PASS BALLISTIC ENTRY ........... 29

B - LIFTING ENTRY AT SUPERCIRCULAR VELOCITY ............. 30

C - CHECK ON APPROXIMATIONS MADE IN CHAPMAN' S ANALYSIS ....... 31

D - NUMERCIAL INTEGRATION OF TRANSFORMED EQUATIONS OF MOTION .... 33

E - SUMMARY OF USEFUL RELATIONSH!PS FOR TWO-DIMENSIONAL EXTRA-

ATMOSPHERIC MOTION ....................... 35

F - APPROXIMATE ANALYTICAL SOLUTIONS FOR VERTICAL BALLiSTIC_DESCENT 39

REFERENCES ............................. 43

TABLE I.- INDEX OF TABULATED SOLUTIONS ................ 45

TABLE !I-XX.- TABULATED SOLUTIONS ................... 46-149

TABLE XXI.- COMPARISON OF RESULTS OBTAINED USING EXPONENTIAL MODEL

ATMOSPHERE WITH RESULTS OBTAINED USING ARDC (1956) MODEL ATMOSPHERE . 150

FIGURES 1-25 ............................. 151-193





NATIONALAERONAUTICSANDSPACEADMINISTRATION

TECI{NICALNOTED-1555

Z-FUNCTIONSOLUTIONSFORTHEMOTIONANDHEATING

DURINGATMOSPHEREENTRYFROMEQUATORIAL

ORBITSOFA ROTATINGPLANET

By Frederick W. Boltz

SUMMARY

It is shownthat the two-dimensional equations of motion for atmosphere entry
can be transformed into a pair of first-order differential equations or a single
second-order differential equation in generalized coordinates. The transformation
is similar to that introduced by Chapmanin NASATR R-II and is based on the
assumption of an exponential atmosphere. However_whereas the final equations
derived by Chapmanare approximate in the sense that two terms in the initial
equations are disregarded_ the final equations derived in the present analysis
depend on no such approximations. Moreover_ effects of atmospheric rotation for
entry from equatorial orbits are included in the present equations.

General machine-computed(IBM 704) solutions of the transformed equations are
presented in graphical and tabular form for various conditions of entry (i.e.,
initial values of flight-path angle and velocity) from which solutions at other
initial conditions maybe obtained by interpolation and/or extrapolation. These
solutions are primarily for ballistic vehicles and include entries at circular and
supercircular velocity into the atmospheres of Earth; Mars; and Venus. Because
effects of oblateness have not been considered3 the solutions presented are
strictly valid only for entry from equatorial orbits. However_since effects of
atmospheric rotation have been included for this type of entry_ the solutions
presented are nearly exact (i.e._ within the limitation of the assumption of an
exponential atmosphere). Moreover3 since in the nonlifting case the transformed
equations are essentially independent of variations in atmospheric temperature
with altitude_ the ballistic solutions presented in generalized coordinates are
applicabie to nonexponential as well as exponential atmosphereswhenproperly
adjusted for variations in atmospheric scale height.

In addition to presenting intra-atmospheric solutions of motion and heating 3
a summaryof analytic solutions for Keplerian (two-body_ point-mass) motion out-
side the sensible planetary atmosphere is also presented. Since these extra-
atmospheric solutions maybe directly linked to the intra-atmospheric solutions3
they are useful in extending the vehicle trajectory out into space for a specific
case of entry.



INTRODUCTION

Amongthe manycritical factors pertaining to the successful atmosphere entry
of mannedvehicles, those related to the aerodynamic heating of the vehicle, the
deceleration forces, and the distance traversed over the surface of the planet are
most prominent. The manner in which these and other factors are influenced by the
vehicle characteristics and by the initial conditions of entry are indicated and
discussed in references i through 8.

An approximate analytical method for studying the major motion and heating of
entry vehicles during atmosphere entry has been developed by Chapmanin reference !.
This method has a distinct advantage over most other approximate methods in that
the solutions from the transformed equations of motion are applicable to ballistic
or roll-modulated lifting vehicles of any size, shape, and weight and to any plan-
etary atmosphere. Although Chapman's Z-function method provides reasonable
accuracy in the calculation of the motion and heating during flight through most
of the atmosphere, it cannot be used to accurately obtain such information during
the initial phase of atmosphere entry and during the final descent prior to impact
or landing. Moreover, it does not account for the effects of atmospheric rotation
on the motion and heating during atmosphere entry.

The primary purpose of the present report is to showhow the two-dimensional
equations of motion maybe transformed into dimensionless coordinates similar to
those developed by Chapmanwithout deleting any terms of the equations and includ-
ing effects of atmospheric rotation for entry from equatorial orbits. It is also
intended to indicate the improvement in accuracy of solution for the motion and
heating during atmosphere entry that is obtained by using the transformed equations
of the present report rather than those of reference i. A possible use for the
complete equations in transformed coordinates would be to eliminate the _ximum
operating altitude _estriction of certain guidance systems for atmosphere entry,
such as that proposed in reference 9-

The secondary purpose of the present report is to present numerical solutions
of the transformed equations in both graphical and tabular form for various condi-
tions of entry into the atmospheres of Earth, Mars, and Venus. Since, as is
indicated in reference 2, ballistic solutions obtained in the generalized coordi-
nates of reference i are applicable to nonexponential as well as exponential
atmospheres, the tabulated solutions presented herein are primarily for ballistic
or noniifting entry. In the selection of initial conditions for which ballistic
solutions would be presented_ the objective was to develop a lattice of points in
the plane of initial values of flight-path angle and velocity such that solutions
at other initial conditions could easily be obtained by parabolic interpolation
and/or extrapolation. This capability, however, was planned only for cases of
ballistic entry at essentially circular values of velocity. For ballistic entry
at supercircular velocities such a procedure was considered inadvisabl%since the
range of initial flight-path angles for single-pass entry (see appendix A) is
very small in all cases. As a result, only a single tabulated solution for bal-
listic entry is presented at each of several initial supercircu!ar velocities.
While_ at firstj it would appear that the selection of initial conditions for
these solutions was completely arbitrary, this is not really the case. The initial
flight-path angles selected were determined by trial and error to be those for
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which a unique single-pass trajectory results_ namely_ that where the vehicle
levels out to horizontal flight just when circular velocity is attained and then_
subsequently_ continues its ballistic descent. Although certain of the initial
values of supercircular velocity selected are arbitrary_ there are other values
included in the tabulated solutions which generally apply in returns to Earth from
lunar_ planetary_ and deep-space missions. In addition to the tabulated cases of
ballistic entry_ someresults of a large number of solutions for lifting entry at
these supercircular velocities are presented in compact graphical form (see appen-
dix B). Although these results were obtained using the equations of the present
report_ they are not presented in terms of quantities peculiar to the Z-function
method.

Finally_ it should be understood that the solutions presented in the present
report are essentially supplementary to those given in references i_ 2_ and 3. The
extensive analysis of various aspects of atmosphere entry to be found in refer-
ences I and 2 is generally appropriate to and descriptive of many results found in
the present solutions. Thus_ only those results obtained from the present solu-
tions which are not already summarizedin references i and 2 have been discussed
in any detail.

NOTATION

a semimajor axis of elliptical orbit

A reference area for drag and lift, ft2

ar resultant gas-dynamic acceleration_ ft/seca

at total acceleration, ft/sec 2

b semiminor axis of elliptical orbit

c distance from loci to center of elliptical orbit

2D
CD drag coefficient, DV2A

2L
CL lift coefficient,

pV2A

d distance from focus to directrix of conic section

D drag force, ib

e eccentricity of orbit

E total energy per unit mass, fta/sec a

f focus of conic section

g acceleration of gravity, ft/sec 2



G

h

H

K

Z

L

M

P

P

qc

Qc

r

r o

R

Re

S

t

T

u

u a

4

universal constant of gravitation

angular momentum per unit mass, ft2/sec

atmospheric scale height, ft

kinetic energy per unit mass, ft2/sec 2

characteristic dimension of vehicle, ft

lift force, !b

mass of vehicle, slugs

mass of planet, slugs

mean molecular weight of planetary atmosphere (consistent units with gas

constant and g)

semilatus rectum of conic section

potential energy per unit mass, ft2/sec 2

dimensionless function proportional to laminar convective heating rate per

unit area, given by equation (44)

dimensionless function proportional to total laminar convective heat absorbed

per unit area, given by equation (45)

laminar convective heating rate per unit area, Btu/ft2/sec

total laminar convective heat absorbed per unit area, Btu/ft 2

distance from center of planet, ft or statute miles

mean radius of planet, ft or statute miles

universal gas constant, or radius of curvature of vehicle surface, ft

Reynolds number, pV_

great circle or horizontal distance on surface of planet, ft or statute miles

time, see

absolute temperature, OR

transverse or horizontal component of velocity, ft/sec

dimensionless velocity ratio, u__
Uc

tangential velocity of planet at equator, ft/sec



_a dimensionless velocity ratio_ ua
c

uc circular orbital velocity_ _, ft/sec

v radial or vertical componentof velocity_ ft/sec

- v
v dimensionless velocity rati% u_
V resultant velocity relative to inertial coordinates_ ft/sec

Vr resultant velocity relative to rotating atmosphere, ft/sec

dimensionless velocity ratio, V__
me

V--r dimensionless velocity ratio, V--_r
_c

W weight of vehicle, mg, ib

y altitude or radial distance from surface of planet, ft or statute miles

Z dimensionless function of V given by equation (19)

Zc dimensionless function of _ given by equation (30)

atmospheric density decay parameter, i/ft

7 flight-path angle relative to local horizontal direction, positive for ascent,
negative for descent

8 angle between velocity vector relative to rotating atmosphere and velocity
vector relative to inertial coordinates

e angle in polar coordinates with the origin at center of planet

flight-path angle relative to rotating atmosphere

coefficient of viscosity, slug/ft/sec; also product of universal gravitational
constant and mass of planet (GM= 1.40764×10zeftS/sec2 for Earth)

p atmospheric density, slug/fts

Po atmospheric density at surface of planet, slug/ft s

Po nominal value of atmospheric density at surface of planet in exponential
approximation, slug/ft s

T period of orbit, sec
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Subscripts

a

ex

i

o

P

s

@

value at apogee

final value at exit from sensible atmosphere

initial value at outer edge of sensible atmosphere (arbitrarily defined by

zi = Vi×lo- )

value at sea level or at surface of planet

value at perigee

value at stagnation point

relative to average value for Earth

ANALYSIS

Assumptions and Restrictions

The solutions presented herein are strictly valid only insofar as the

following assumptions and restrictions apply:

(i) Atmosphere density varies exponentially with altitude (see fig. i).

(ii) Atmosphere of planet has constant tangential velocity parallel to

surface at all altitudes.

(iii) Planet is sufficiently spherical so that tesseral and zonal harmonics

of the nonspherical gravitational potential may be neglected in

equatorial orbits.

(iv) Orbital motion and flight path during atmosphere entry are nearly in

the plane of planet's equator, if rate of rotation of planet about its

axis is not negligibly small.

Assumption (i) is based upon the equilibrium equation of an isothermal

perfect gas in a uniform gravitational field (ref. i0) which may be written as

dp
-- = -gp (1)
dy

and, since p = pRT/M, where RT/M is considered constant, it follows that

i dp Mg

P dy RT
= -_ (a constant) (2)
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or

(3)

where _o is a nominal value of sea-level density. From equations (2) and (3)

alternate expressions are obtained for the so-called "scale height" of a given

atmosphere

= = = _ dy (4)
d(Zn P/#o)

where M and T denote mean values of molecular weight and temperature, respec-

tively. As is indicated in reference i and in figure i of the present report, a

value of 23,500 ft for H and a nominal value of 0.0027 slug/ft s for _o provide a

reasonable exponential approximation up to 80 miles of the model of the Earth's

atmosphere given by the ARDC (ref. ii). The following estimated values of atmos-

pheric scale height and other physical properties of Mars and Venus were obtained

from references i, 2, and 12. (A more detailed summary of astronomical constants

for the various planets is found in ref. 12.) The subscript • designates a

value relative to that for Earth.

Planet

Earth

Mars

Venus

GMXlO -ze,

ftS/sec 2

1.40764

.1514

1.150

I

1.000 1.000 1

•376 .5351

.891 I .96

Gases gm/mol

N2, 02 29

N2, C02 28

C02, N2 40

m

T,
K _@

240 1.0

210 1.0

270 .8

H, ft _r

2.35Xi04 900

5.6×104 200

2.2×104 900

i .00

•47

i .00

Further discussion of the approximations and restrictions involved in the use of

an exponential atmosphere in entry calculations is given in reference 1.

Assumption (ii) is used for convenience in the case of a rotating atmosphere.

It simply states that the atmosphere is fixed to the planet in such a way that the

horizontal component of velocity u a is constant at all altitudes. Since, for a

given angular velocity, the actual tangential velocity will vary slightly with

altitude, this assumption implies that a very small amount of relative motion or

slippage between various layers of the atmosphere is taking place.

Assumption (iii) is reasonable for Earth, Mars, and Venus, since these planets

have only small equatorial bulges. In the case of an essentially oblate spheroid

such as Earth, the gravitational field consists of a part with spherical symmetry

and a nonspherical part in which the dominant part of the gravitational attractive

force varies inversely as the fourth power of the radial distance and is also a

function of the geocentric latitude (ref. 6). As is indicated in reference 6, it

is found that even in the plane of the equator there is a small deviation of the

gravitational attractive force from the inverse-square (spherical planet) relation-

ship with distance. Although this deviation is greater closer to Earth, it is

relatively insignificant in comparison with other effects during atmosphere entry

and so will be ignored in the following analysis.
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Item (iv) is a restriction which should certainly be imposed for entry into

the atmosphere of Earth and probably also for entry into the atmosphere of Mars.

(For Earth, the peripheral velocity at the equator is ua = 0.06 uc, and, for Mars,

u a = 0.07 Uc.) This restriction would limit the angle of inclination of the

orbital plane to.the plane of the equator to small values. In the case of Venus,

which is believed to have a very low rate of rotation, l if it is reasonable to

assume that the atmosphere and planet are spherically symmetric, then the solutions

given apply with equal accuracy to other planes of entry.

Differential Equations of Motion

Extra-atmospheric motion.- For so-called Keplerian (i.e., two-body, point-mass)

motion outside the sensible atmosphere of a planet, a body is governed by its own

inertia and by gravitational forces. Consider first the equations of motion in

polar coordinates (r_ e), as illustrated in figure 2. The two-dimensional motion

of a body of mass m moving in a Newtonian central force field where the force of

attraction F varies inversely as the square of the distance r, so that

F
_ g _

m r2

is given by the familiar equations (e.g., see ref. 14)

i dh i d <r2 ) = 0 (5)r dt r dt

r + o (6)
at 2 \at/ g =

Letting the transverse and radial components of velocity be denoted by u

and v, respectively, so that

IThe most recent estimates of the rotation rate of Venus (ref. 13) are based

upon radar experiments performed in the United States for the NASA by the Jet Pro-

pulsion Laboratory and in Russia by the Soviet Academy of Sciences between March

and May of 1961. In this period, Earth and Venus were passing close to one another

with the nearest approach (inferior conjunction) occurring on April i0, 1961.

Although the estimates in the two cases differ by a wide margin - JPL's results

indicating an extremely large period of rotation, perhaps as large as the Venusian

year of 225 days, and the Soviet Academy's results indicating a considerably

s_lier period of only I0 days ±i day, depending on the orientation of the axis of

rotation - it is fairly certain that the error involved in neglecting the rotation

of the planet about its axis is small in comparison with the error due to the

uncertainty in the scale height of the atmosphere.
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dr
u_r_, V_

dt dt

the equations of motion can be expressed more conveniently as

1 d (ru) = dZ+ u_ = 0 (,7)
r dt dt r

dv Ii2
+_-g = o (8)

dt r

(It is to be noted that the independent variable can be changed from t to r by

using the differential identity d/dt - vd/dr.) If u and v are replaced by

u __V cos 7 , v __V sin 7

equations (7) and (8) may be combined to obtain finally

_-'-+ g sin 7 = 0 (9)
dt

dt . - g cos 7 = 0
(io)

where V is the resultant velocity and 7 is the flight-path angle. (In these

equations the independent variable can be changed from t to r by using the

differential identity d/dr m V(sin 7)d/dr.) These equations may easily be com-

bined and integrated to provide analytic solutions for the two-dimensional orbital

motion at any instant. However, before proceeding into the matter of sun_arizing

such solutions, 2 it is desirable to consider the effects of gas-dynamic forces for

motion within a planetary atmosphere.

Intra-atmospheric motion.- For motion within the sensible atmosphere of a

planet_ there may be both drag and lift forces on a body. Since drag and lift

forces are considered to act in directions along and perpendicular to the direction

of motion, respectively_ the equations of motion are

dtd-_u+ u-_v=" D c°sYr m -L-sin 7=-m mD c°s 7 ( I + DL-tan Z) (ii)

dv u2 D L D ( L) (12)+ g .... sin 7 + - cos 7 = - - cos y tan 7 -
dt r m m m

2Although solutions to the Keplerian equations of motion are well known and

are readily available, they are included herein, in greater detail than is generally

the case, for purposes of convenience and utility. Such extra-atmospheric solutions

may be directly linked to the intra-atmospheric solutions presented herein.



These equations represent the balance of forces in the horizontal and vertical
directions, respectively. The corresponding equations expressing the balance of
forces in directions along and perpendicular to the direction of motion_ respec-
tively, are

dV D
dt m g sin 7 (13)

V d-_= L + <_ - g) c°sydt m (14)

orj in terms of dimensionless quantities_

= V2Vr d_ CDA [rV2- + -- - i (15)
rO d(yTr 0) - sin 7 2

_2r tan Z dZ L _CDA_ _ + _a _ i
ro d(y/ro) = D k2-m-J cos 7

(16)

where rO is considered to be constant. Since tan y = d(y/ro)/d(s/ro) , equa-
tions (15) and (16) can also be expressed as

Vr dV

ro d(s/ro)
= UoDA tan7

k2m / cos 7
(17)

V2r
=_i=-=)_Z_+V_/,A _l (18)dy

ro d(s/ro) D \_m/ cos 7

Transformation of Coordinates

V as independent variable.- If a transformation of coordinates is made

similar to that introduced by Chapman in reference i, with the dimensionless

dependent variable Z defined as

Z -<_) _Poe-_Y (19)

and with V as the independent variable, it is found that, assuming CDA/m to be
constant;

Z' = Z _r°Z d(y/r°) < I _r)- 2 (20)

i0



and, thus, that

d_- -_roZ < ir) (20a)d! 5_-z= 1 2_
ro V

where Z' - dZ/d_. Combining equations (15) and (20a) gives

Z ' Z w_<l 2_#) sin7- (21)

v <1 + sin-_z- 1-

Dividing equation (16) by equation (15) gives

I ) _ j_rVZ77'-- i-_ cosT-g

1 -_) sin7 + J_ vz

(22)

where 7' _ dy/d[. Equations (21) and (223, together with the initial conditions,

describe the motion completely in V, Z, and 7 coordinates and are equivalent to

the original equations, (13) and (14), or (15) and (16), which describe the motion

in V, t, and 7 coordinates or in [, Y/ro, and 7 coordinates, respectively.

It is of interest at this point to see whether the pair of first-order

differential equations, (21) and (22), can be reduced to a single, second-order

differential equation with Z as the dependent variable and V as the independ-

ent variable. If equation (21) is differentiated with respect to _ (assuming

_r = const. >> i so that i - i/2_r may be considered unity), there is obtained

- L tan 7 _rVZ tan 7 J

(Z' - Z/V)S(I - #a/2) 2(Z' - Z/V) a (23)+

_rVZa _rVaz

and, after substituting the expressions for Z' - Z/V and 7!, as given by equations

(21) and (22), respectively, there results for the final equation

ii



+

w vz

- _ _2 L
_ sins 7 <i - V2) = <i _Z !-_c°sa 7- Z_

where, from equation (21), assuming here also that i - i/2_r _ i,

and

cos 7

(23a)

_Fz
sin 7 : (21a)

Z' - Z/_

cos 7 = _i - sin 2 7 (24)

Thus, substituting equations (21a) and (24) into equation (23a) produces a single,

second-order differential equation for Z as a function only of V, _r, and L/D.

As in the case of the pair of first-order equations, (21) and (22), it is necessary

to specify two initial conditions, say Zi = Z(V i) and Z i' = Z'(Vi) , in addition to

values of _r and L/D.

If, in correspondence to approximation (a) of reference i (see appendix C),
it can be assumed that

sin-z--<l- _><< i
j vz

equations (21) and (22) can be reduced to

z, _z_,/_ sin 7 (2_)
V

v_' -1 -_ cos 7 - & (26)
D

which may readily be combined into the expression

V_ - Vz cos_7 -4"_cos 7 (27)

12



Equation (27), which corresponds to the basic differential equation of reference i,
was derived without the necessity of imposing approximation (b) of reference I,
namely, that IL/D tan 71 << i.

as independent variable.- In a similar manner of derivation, the pair of

transformed first-order differential equations with _ as the independent variable

(as in the transformation of ref. i) is found to beS

<i _> sin 7Z _ - 2
c

yet --- =
1 + _ sin Z + L (28)

2J_ Zc 5 tan7

(cos27 - U2)eos7 - _ J_ _Zc
_7': (29)

-- sin 7 + _ uZc i + -- tan 7
2 D

where now

CD(L _/_ _o e-_y (3 0 )Zc -=
\'am / q

and Zc' _ dZc/d_, Y' _ dT/d[, and [ _ V cos 7-

The second-order differential equation corresponding to equation (23a) with

as the independent variable is found to be

'<i u sin Z +_tan 7 _u c - -
+ 2_ Zc 2Zc 2

l L V_ 4_ D= - _ tans 7_ [Zc cosa 7 - L cos 7

(31)

Since the trigonometric functions cannot be obtained explicitly in terms of Z,

Z', [, #r, and L/D from equation (28), it does not appear possible to eliminate

(without a great deal of difficulty) the angle functions entirely from equation (31)

and thereby reduce the two first-order equations to a single, second-order equation.

Such a reduction may be easily obtained, however, if the following approximation

is applied to equation (28)3 in addition to assuming that i - i/2#r _ i,

sin y _ tan 7

Slt is to be noted that the use of equations (28) and (29) will generally

provide results equivalent to those given through the use of equations (21) and

(22). However, the use of equations (21) and (22) avoids loss of accuracy in the

computation of the nearly vertical flight at the end of a trajectory.

13



so t hat

and

sin y _Zc

#r_c G 2 L _ _Z c
Zc ' - Zc/_ 2 D

cos 7 : $I - sin a 7

(32)

(24)

It is of interest to compare the nearly exact expressions for the Z

function given by equations (28) and (31) with the corresponding approximate

expressions developed by Chapman in reference i, which are

Zc ' Zc =_ sin 7

and

u _ c - _Zc
L cosS 7cos_ 7 - _ 5"

The first of these equations differs from equation (28) by just those terms (or

equivalent terms) deleted initially in the approximations of reference i. If

these same approximations then are applied to both equations (28) and (29), there

are obtained

Zc , _ Z__c: _ sin 7 (33)

_7' cosa 7 - _a L (34)= cos 7 -
$F_ _Zc

and, consequently, the single, second-order equation is found to be

-- c' - _ cosa 7 cosa 7 - _ cos 7
d_ u-Zc

(35)

which differs from Chapman's second-order equation only in the powers of cos 7.

Further information concerning the basic approximations of reference I may be

obtained from an analysis presented in appendix C.
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Consideration of Atmospheric Rotation

If the atmosphere is considered to have a tangential velocity Ua at the

equator, then, for entry along a flight path or orbit in the plane of the equator,

the terms in the two-dimensional equations of motion accounting for the gas-

dynamic drag and lift on the body must be modified. The modification consists of

first determining the directions of gas-dynamic drag and lift (parallel and per-

pendicular, respectively, to the relative velocity vector _r) and then resolving

these forces into_components both parallel and perpendicular to the resultant

velocity vector V in inertial coordinates, as illustrated in figure 3. Thus,

it is found that the transformed equations, (21) and (22), can be expressed in

this case as

z, - = (36)

4
_ VZ -_/\ 5 tan / cos

5

(i - _a)cos 7 - _ VZ k-_j _ - tan cos 5
VF' = (37)

i - sin 7 + _ VZ i + g tan cos 5

where

-=- = 1 + - 2 __----COS 7
V

(38)

and h(= 7 + 8) is the flight-path angle relative to the rotating atmosphere with

5 defined by

sin 5 _ =-_asin 7 (39)
Vr

or

- _a cos 7
cos 5 m (40)

Vr

The method used to obtain solutions of these equations is discussed in appendix D.
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Useful Quantities Related to the Z Function

The use of the Z function in the calculation of a number of useful

quantities is indicated in the following relationships:

(i) Unit acceleration in flight-path direction (relative to atmosphere)

idVr_ _VzlV_rl sin
g dt \vJ

(2) Resultant unit gas-dynamic deceleration

ar = _ FZ ¢_>2]I + <L_2g

(3) Total unit acceleration (relative to inertial coordinates)

(41)

(42)

at + _i /_dV_2 + <V d.__ V 2 _2-- = - - -- COS
g g _/\dt/ dt r

J-+ (Da + L a) T (D sin y - L cos Z)
i

= +- i _ (_)a

<_)2] _24Z7 VZ<_) 2 cos 7 <tan 7 _L)

(43)

(4) Dimensionless function proportional to laminar convective-heating rate per
unit area

-q = Fs/2Zm/a = CDA Dr #r)i/4(
(44)

(5) Dimensionless function proportional to total laminar convective heat absorbed

per unit area

16

_F= V312 <_)3 (z'-z/F) d_
= Zm! 2 _-_ sin Y

(45)

_t t i _t t: _ _ dt _ 27 _ dt ,
1 1

for Earth



(6) Elapsed time_ in seconds

(7)

(8)

V_ i (z' -z/%
t : _J_r VZ sin 7

Unit horizontal distance traveled

__: F"__z,-z/._),d_
r JV Dr Z tan 7

Unit vertical distance traveled

a[ (_)

(47)

_:r fV% _'Dr-Zz/r)d_ (48)

(9) Dimensionless density-loading parameter5

J_Tv=\2mj

(I0) Density ratio

! =J_ <_--A)Z
Po VPor

(50)

(ii) Dynamic pressure

2 _v_ = _ Vz (>i)

4The values of time given in the tabulated solutions for Earth or Venus must

be multiplied by the factor 0.98 for application to Venus.

5The reason for giving values of the density-loading parameter in the tabu-

lated solutions presented later in the report is primarily for convenience in

determining the place in the table corresponding to a given altitude for specified

values of CDA/m and density. For example, if approximate values of _oro are

used for the three planets considered herein, the values of _g_ Z/V corresponding

to the planet surface in each case are given by

o

= i,i00 <_) ,

= 300_000 <_) ,

for Earth ] where units

for Mars I CDA
of -_--

for Venus are ft2/slug
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(12) Reynolds number per unit length

R_=d_-4_<_--_z_ (52)

m= 22,000 Z for Earth, C-_ in slugs/ft 2

In general, these quantities differ from the equivalent or corresponding quantities

given in refere_nce I only in that the Z function, as defined previously, is pro-

portional to V rather that to _, and, also, that the restriction as to a minimum

value of Z for a given value of V (or _) does not apply.

Solution of Differential Equations

Extra-atmospheric motion.- In the case of zero density, the equations of

motion can be integrated directly. Equations (15) and (16) reduce to

<_---o_ _v __ id(_ro) 2 v (53)

(_-b a_ _ - i (54)r tan 7 d(y/ro) - V2

and, dividing equation (54) by equation (53) gives

tan 7 dy_ = i -
_v V(l - V_/2)

From the integration of equations (.53) and (55), it is found that

(55)

or

r _ 2 _?a

rl 2 - VIa
(_)

and that

i8

r - const = a
2 - ?a

oo m: 
cos 71 F 42 - F 2

(96a)

(57)



or

_ - V2 COS 7 = const =_ - e2 (57a)

Combining equations (56) and (_7) gives

cos Z--= ?1_r_cos 71
(58)

from which are obtained

r-_a = cos2 7 =
r

_2 C0S2

i - e
(59)

and

= cos2 2' =
r

Va cos2 7 (60)
!+e

Additional relationships between V_ a, b, c, d, e, p, r, ra/r , r/rp_ 7_ e_ and T
may be found in appendix E (see also figs. 4, 5, and 6).

Intra-atmospheric motion.- In the case of finite values of densityj numerical

integration is required in order to obtain solutions to the equations of motion.

Howeverj ifp along with CDA/m 9 the flight-path angle is also held constant by

varying the lift-drag ratio so that the flight path is actually a logarithmic

spiral, an approximate analytical solution in closed form is obtained. 6 In this

case, equation (21) is approximated by

to give the solution

V = V 1 exp

or

s, _ _z= j_ sin 7o (61)
V

si_ Ye exp L\2T1 Jn Yc]
(62)

V
Z = Z1 -_V * _ V(sin Fo) Zn --

VI Vi

(62a)

6This solution is applicable only to roll-modulated lifting vehicles (e.g.,

see ref. 15) trimmed at constant angle of attack.
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From equation (22) is obtained the necessary variation in lift-drag ratio to

maintain the constant flight-path angle

or

L i - V 2

D $ff7VZ
cos 7c (63)

Z = i -_
cos 7c (63a)

V(T,/D)

The expressions for

to the ZI and Z!i

respectively.

Z given by equations (62a) and (63a) are essentially equal

solutions given in reference i for ballistic and glide vehicles_

In the case of horizontal flight_ where 7c = O, a special solution is

required, since equation (61) indicates only that Z ~ _. From equation (17), the
solution is found to be

-- V_ e_p _ _ • -

with the necessary variation in lift-_rag ratio again given by equation (63).

(64)

In the case of low-speed (_ << i) equilibrium (or close to equilibrium)

flight near the end of the trajectory_ where the flight path is nearly vertical_
equation (21) can be approximated by

Z' _Z = _]_ _-_
- (6_)

V 1 1 m_- 1
_'_ VZ D

which has the following solution for constant values of _r VZ or D/mg

V = Vl exp [Z/V_- Z1/VI (1
i = _i exp

J_7_Vz
(_oO)

As is shown in figure 7 a a stepwise solution using equation (66) and successively
corrected values of _r V--Zor D/mg provides good agreement with a nt_merical

solution of equation (21) for relatively low-speed vertical flight. Details of

the stepwise solution are to be found in appendix F.
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RESULTSANDDISCUSSION

As stated in the foregoing, with the exception of certain special cases,
solutions of the transformed equations of motion for atmosphere entry require the
use of numerical integration. Information pertaining to the method of machine
computation employed in obtaining the solutions presented herein maybe found in
appendix D. The final form of the equations actually programmedfor the IBM704
digital computer is that given by equations (36), (37), (38) and (39). However,
as is explained in appendix D; it was also necessary to program an alternate form
of this set of equations for the computer as given by equations (D!), (D2), (D3),
and (D4).

To present the solutions in as compact and yet as complete a manner as

possible, they have been tabulated in terms of values of V; Z, and related

quantities (see tables II - XX). Table I is an index of the various solutions

presented for Earth; Mars; and Venus. 7 For all three planets; ballistic or

non!ifting-vehicle solutions are presented for various flight-path angles of entry

at circular orbital velocity (_i = 1.0); and for a single angle of entry at sev-

eral supercircular velocities (Vi = i.!, 1.2, 1.3, _, _3, and 2.0 for Earth and

Venus; V i =_2; _; and 2.0 for Mars). Th_ single entry angle selected _t each

supercircu!ar velocity is that for which VT= o is 1.0. (In this case, the initial
flight-path angle can only be determined by trial and error.) This entry condi-

tion is nearly equal to that for which the maximum value of deceleration is a

minimum in the case of ballistic single-pass entry. For Earth and Venus; solu-

tions are also presented for entry at slightly supercircular velocities (_i = 1"023

1.0_). These solutions enable the parabolic interpolation or extrapolation of

solutions at other nearly circular-orbital initial values of velocity which might

result during entry from deflected circular or nearly circular orbits close to the

planets (e.g.; see fig. 4 for possible conditions of entry from various orbits).

If solutions at other initial values of flight-path angle are required, they may

also be obtained by interpolation or extrapolation. It is to be noted that the

solutions given for Earth and Venus differ only in the atmospheric rate of rota-

tion. Thus; the solutions given for Venus with zero atmospheric rotation also

apply to the case of entry into Earth's atmosphere with the assumption of zero

atmospheric rotation. The solutions given specifically for Earth and Mars are for

entry from equational orbits both opposite to and in the direction of rotation of

the planets.

In addition to the ballistic case; solutions are presented for lifting

vehicles in essentially decaying orbit entering the atmosphere of Earth and Venus

at lift-drag ratios of 0.5 and 1.0. These solutions are primarily intended to

provide an indication of the effects of atmospheric rotation of lifting entry.

Skip-type solutions Iresulting from entry at initial absolL_e flight-path angles
greater than about iv at the chosen lift-drag ratio) are not presented; since they

are adequately covered in reference i for most purposes. However, certain results

obtained from skip-type solutions for supercircular ballistic and lifting entry

are presented.

71t is to be noted that_ just as in the case of the Z-function solutions

presented in references I, 2; and 3, the present results and solutions given

specifically for Earth or Venus; with no rotation of t__9___tmosphere, apply approxi-

mately to any planet for the same initial values of J(_r)® _i and _-_O L/D.
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ComparisonWith Other Solutions

There is found to be little difference in the solutions obtained by meansof
the present method (for the case of zero atmospheric rotation) and those given by
Chapmanin references i, 2, and 3, for the range of conditions in which his solu-
tions are indicated to be valid. As a meansof providing further information con-
cerning the basic approximations of reference I and the limitations thereby imposed
on the resulting solutions, an analysis is presented in appendix C. The general
results of this analysis indicate that increasingly greater errors should arise in
the approximate solutions of Chapmanat lower values of [ with more negative
values of L/D. This trend is apparent in the data presented in figure 8 wherein
several approximate solutions of reference 3 are comparedwith more accurate solu-
tions obtained with the transformed equations of the present report. For the
cases considered with positive values of L/D, the errors do not becomeserious
until values of [ less than about 0.i are attained and the flight-path angle
attains fairly large negative values. These trends are also indicated qualita-
tively in reference i and are illustrated quantitatively herein only to document
the analysis of appendix C.

Effects of model atmosphere used.- The comparison in reference i of one of

Chapman's solutions (decaying-orbit t_pe of entry with L/D = 0.!) using an expo-

nential atmosphere with that obtained using the complete equations of motion and

the ARDC model Earth atmosphere of reference ii is similar to that which would be

obtained with the present method of solution. That is to say that; as noted in

reference i; the differences shown in this comparison are almost entirely due to

the differences in the atmospheres used in the two solutions and are not primarily

a result of any difference in accuracy of the equations used.

Further discussion of the accuracy of the Z-function method is to be found

in reference 2. It is noted therein that in the case of noniifting entry the basic

differential equation for Z (corresponding to eq. (27) or eq. (35) in the present

report) is independent of the parameter _r and, thus, is independent of any vari-

ations in atmospheric temperature with altitude. As a result, ballistic solutions

obtained in generalized (V, Z) coordinates are applicable to nonexponential as well

as exponential atmospheres. However, some explanation of the manner in which these

solutions may be used to obtain adjusted motion and heating characteristics for any

given nonexponential atmosphere may be necessary. With L/D equal to O, the basic

differential equation will yield solutions for Z' and Z as functions of Z and/or

V for given initial values of V, Z, and Z' The corresponding values of V, Z,

and Z' in these solutions s are then essentially independent of the type of atmos-

phere considered and maybe used to obtain nearly exact values of other quantities

of interest in the case of a given atmosphere and a specific vehicle (i.e., given

value of m/CDA). This procedure, however, is only practical for noncumulative

quantities such as gas-dynamic deceleration, heating rate, etc., where it is rela-

tively easy to account for the local deviation in Dr for the atmosphere considered

SAlthough values of Z' are not tabulated in the solutions presented herein,

they may be easily obtained by using the approximate relationship

Z' = _ +__ sin y
V

where Qc_ = 30 for Earth and Venus.
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(e.g._ see ref. i) from the value used in the exponential approximation. For
integrated quantities such as total heat absorbed_ distanc% tim% etc._ it would
be necessary to apply factors to the results obtained by meansof the Z-function
method to account for the variation in Dr over the whole trajectory.

To evaluate further the degree of approximation involved in using an
exponential atmosphere_ a comparison has been madefor Vi or i.0 between the
present solutions and solutions obtaimed with the complete equations of motion
and the model Earth atmosphere of reference ii. These results are summarizedin
table XX_9 wherein data for three representative values of m/CDA are compared
at several angles of entry for lift-drag ratios of O_ 0.5_ and 1.0. It is seen
that the effects of the approximation on integrated quantities_ such as total
laminar convective heat absorbed and longitudinal range_ are very small_ amounting
to maximumerrors of less than 5 percent im heat absorbed and less than 3 percent
in range. However_the effects of the approximation on the maximumvalues of
laminar convective heating rate and aerodynamic deceleration are generally somewhat
larger_ resulting in errors of up to about !0 percent in somecases (i.e._ for
certain values of m/CDA) for ballistic entry. For lifting vehicles_ the same
trend exists in the heating results_ but the maximumpercent errors in the maximum
values of deceleration are even larger as a result of these maximumdeceleration
values being lower, it is to be noted_ finally_ that these results maybe used to
provide correction factors for specific vehicles which maybe applied to the values
of maximumheating rat% maximumioading_ total heat absorbed_ and range indicated
in the tabulated solutions herein.

Motion and heatimg durimD_ initial phase of entr_.- As has been previously

noted_ one of the advantages of using the present equations in place of those

given in reference I is that motion and heating are obtained from the effective

beginning of entry rather than from some later point within the sensible atmosphere.

This not only obviates the difficult matching of flight paths (i.e._ determining

the proper Kep!eriam ellipse to join to the atmospheric trajectory) but also per-

mits the calculation of heating for this transition portion of the trajectory. As

is shown in figure 9_ for ballistic vehicles entering the atmosphere at circular

orbital velocity_ the contributions to the total laminar convective heat absorbed

in this phase of the atmospheric trajectory are fairly significant_ varying from

about 18 percent of the total at the smaller angles of entry to about 14 percent

at the larger angles.

As an indication of the problem encountered in attempting to Join the proper

Keplerian ellipse to an incomplete intra-atmospheric trajectory_ two specific solu-

tions for entry (_i = 1.0_ 7i = -i°, "4o) as given in table I of reference i are

considered° Portions of these approximate solutions are shown in figure iO along

with the extended solutions obtained by integrating the nearly exact equations of

the present report in the reverse direction from the first tabulated values in

reference I. It is to be noted that_ in each case_ the e×tended solution departs

significantly from that which is obtained by the approximate analytical method

given in reference I. As a result, an accurate matching of the incomplete intra-

atmospheric trajectoryto the pr_o_er extra-atmospheric elliDse would ap_pear to be
9The values of total laminar convective heat absorbed per unit area_ Qc_ and

laminar convective heating rate per unit area_ qc_ given in table XXI are based

upom heating formulae given in reference i for the stagnation point with a 1-foot

radius of curvature.
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very difficult. It is suggested in appendix B of reference I that the matching
be done in the velocity range of 0.995 _i to 0.990 _i. If a value of, say_
0.995 _i is selected_ then, according to the solutions for Keplerian motion sum-
marized in appendix C_ it is possible to calculate the horizontal and vertical
distances to the point of apogee (assuming also an altitude corresponding to
0.995 _i, say 60 mi.). Whenthese distances are comparedwith those calculated
using the accurate numerical extension of the solutions, they are found to be
significantly in error. For example, the apogeealtitude and range, for the case
of 7i = -l°, are in error by about 27 and 2000 miles_ respectively, and_ for the
case of 7i = -4°_ by about 38 and 600 miles, respectively. However, there is a
simple way of reducing these errors to negligible values or, equivalently, of
determining the proper matching ellipse. From an inspection of the results pre-
sented in figure i0_ it is found thatj in both cases considered_ a straight line
joining the extreme points in the initial (analytical) step calculation of refer-
ence I intersects the Keplerian motion (vacuum-trajectory) curve at about 0.9991 _i"
_us, if this value of _ and the corresponding values of Z are used as the
connecting points in all cases where Vi or _i is close to 1.0, it is possible to
obtain fairly good matching of the approximate solutions of references i and 3
with Keplerian ellipses. (The value of flight-path angle may be considered con-

stant, since it changes only slightly during ballistic entry between _ values

of _i and 0.995 ui')

Effects of Planet Rotation

Circular-veloci_.- The effects of Earth's rotation on the deceleration,

range, and heating of both lifting and nonlifting vehicles during atmosphere entry

at circular velocity are to be found in the results presented in figures ii through

14. Similar effects for nonlifting vehicles entering the atmosphere of Mars at

circular velocity are to be found in the results presented in figures 15 and 16.

In the case of Venus_ the rate of rotation of the planet is considered to be too

small (e.g., see ref. 12) to cause any appreciable effect during entry.

In figure l!(a) it is shown that, for small-angle (7i = -0.5 ° ) ballistic

entries into the Earth's atmosphere, the maximum deceleration is increased or

decreased about 8._ percent from the zero-rotation value for entry opposite to or

in the direction of the rotation, respectively. In figure ll(b) it is shown that

there are corresponding changes of about 18 and 15 percent, respectively, in the

maximum rate of laminar convective heating per unit area and in the total laminar

convective heat absorbed per unit area due to atmospheric rotation. The effects

of atmospheric rotation on these quantities at other initial values of flight-path

angle for entry at circular velocity are summarized in figure 12. It is to be

seen that the percentage changes in the maximum values of deceleration and heating

rates and in the total heat absorbed as a result of atmospheric rotation are

roughly the same at all angles of entry.

The effects of atmospheric rotation on the longitudinal range covered during

entry are also shown in figure ll(a). It is seen that, for the case of small-

angle ballistic entry at circular velocity, there is a. slight increase in net

range (i.e., actual distance traversed on the surface of the planet) when entering

in the direction opposite to the rotation and a slight decrease in net range when
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entering in the direction of the rotation. This result is due, of course, to the
fact that the movementof the surface during flight through the atmosphere is
slightly greater than the increment in absolute or gross range imparted to the
vehicle by the rotation of the atmosphere.

To assess the effects of Earth's rotation on the motion and heating
characteristics of lifting vehicles during atmosphere entry, results of solutions
obtained with lift-drag ratios of 0.5 and !.0 are presented in figures 13 and 14
for the sameinitial conditions as those for the data of figure ii. From a com-
parison of the results presented in figures ii, 13_ amd14, it is seen that the
effects of Earth's rotation on the motion and heating during atmospheric entry are
generally quite similar in the lifting and nonlifting cases. The most notable
influence of L/D is in reducing the effects of atmospheric rotation on the maxi-
mumvalue of deceleration. Thus_with this single exception, there appears to be
no significant influence of L/D in either increasing or decreasing the effects
of planet rotation on the entry characteristics.

For Mars, the effects of planet rotation on the motion and heating
characteristics of nonlifting vehicles during atmospheric entry at circular veloc-
ity are seen in figures I_ and 16 to be similar both qualitatively and quantita-
tively (i.e._ in terms of percentage changes of dimensionless quantities) to those
for Earth. It is to be noted that the values of gas-dymamicdeceleration in
figures l_(a) and 16(a) are given in terms of local values of the acceleration of
gravity in the atmosphere of Mars which are about 3/8 as large as local values of
the acceleration of gravity in the atmosphere of Earth.

Supercircu!ar velocity entry.- The effects of Earth's rotation on the

deceleration_ range_ and heating of nonlifting vehicles during single-pass atmos-

phere entry at supercircular velocity are to b@ found in the results presented in

figures 17, 18, and 19. Similar effects for nonlifting vehicles entering the

atmosphere of Mars at supercircular velocity are to be found in the results pre-

sented in figures 20_ 21, and 22. It is to be noted that the results shown im

figures 17 through 22 are presented not only to illustrate the effects of planet

rotation on the motion and heating characteristics of ballistic vehicles during

atmosphere entry at various conditions but also to illustrate the motion and heat-

img characteristics at these various conditions. It is to be further noted that

the solutions presented in these figures for finite (positive and negative) values

of atmosphere rotation are for the same initial values of flight-path angle as the

corresponding solutions for zero rotation. Thus, these solutions for entry at

supercircular velocity with finite planet rotation are slightly different from the

tabulated solutions for which the initial value of flight-path angle was selected

in each case to give VT=o = 1.0°

In figures 17, 18_ and 19 it is shown that the effects of Earth's rotation

on the motion and heating characteristics of nonlifting vehicles during single-

pass atmosphere entry at V--i values of _, _, and 2.0 are generally similar to

those found in cases of ballistic entry at circular velocity. However_ it is to

be seen that the percentage changes in maximum deceleration_ maximum heating rat%

and total heat absorbed as a result of atmosphere rotation decrease slightly with

increasing values of V i. Furthermor% it is shown that_ for initial supercircular

velocities considered_ the effects of planet rotation on the net range traversed

on the surface during entry_ although small_ are opposite in sign to those found
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for small-angle entries at circular velocity. This reversal in sign of the effects
is explained by a change in the relative magnitudes of the two separate effects
operating simultaneously to produce the net range, namely, the effect of atmos-
pheric rotation on the gross range and the effect of planet rotation resulting in
movementof the surface.

For Mars_ it is seen from a comparison of figures 20_ 21, and 22 with
figures 17, 18j and 19 that the effects of planet rotation on the motion and
heating characteristics of nonlifting vehicles during single-pass atmosphere entry
at supercircular velocity are similar both qualitatively and quantitatively (i.e.,
in terms of percentage changes of dimensionless quantities) to those for Earth.
This is not surprising inasmuchas the dimensionless atmospheric rotation parameter,
_a_ is nearly the samefor Mars as for Earth.

SD]4_&RYOFRESULTS

The two-dimensional equations of motion for atmosphere entry have been
transformed into a pair of first-order differential equations or a single second-
order differential equation in generalized coordinates. The transformation is
similar to that introduced by Chapmanin NASATR R-il and is based on the assump-
tion of an exponential atmosphere. However_whereas the final equations derived
by Chapmanare approximate in the sense that two terms in the initial equations
are disregarded_ the final equations derived in the present analysis depend on no
such approximations. While, in general_ these approximations cause no serious
deficiencies in the solutions to the major motion and heating of the vehicle, there
are certain significant benefits to be derived from the inclusion of all terms in
the equations. The primary advantages of using the transformed equations of the
present report rather than those of reference I maybe summarizedas follows:

(i) The equations maybe used without anymathematical restriction as to
boundary values except that a finite density is required.

(2) Motion and heating are obtained from the effective beginning of entry

rather than from some point where gas-dynamic drag has reduced the

velocity a certain arbitrary amount.

(3) No special matching of flight paths is required between that in essen-

tially free space (at any arbitrarily low value of density) and that

within the sensible atmosphere (where gas-dynamic forces are significant).

(4) Motion and heating may be obtained for the terminal phase of entry even

in cases where the absolute values of flight-path angles and lift-drag

ratios are relatively large and/or the horizontal component of velocity

is relatively very small.

(5) Effects of atmospheric rotation are included for entry from orbits having

small angles of inclination with respect to the plane of the equator.

(6) The acceleration of gravity is properly treated as a variable function

of radial distance from the planet center.
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General machine-computed (IBM 704) solutions of the transformed equations

are presented in graphical and tabular form for various conditions of entry (i.e.,

initial values of flight-path angle and velocity) from which solutions at other

initial conditions may be obtained by interpolation or extrapolation or both.

These solutions are primarily for ballistic vehicles and include entries at cir-

cular and supercircular velocities into the atmospheres of Earth, Mars, and Venus.

Because effects of oblateness have not been considered, the solutions presented

are strictly valid only for entry from equatorial orbits. However, since effects

of atmospheric rotation have been included for this type of entry, the solutions

presented are nearly exact (i.e., within the limitation of the assumption of an

exponential atmosphere). Moreover, since in the nonlifting case the transformed

equations are essentially independent of variations in atmospheric temperature

with altitude, the ballistic solutions presented in generalized coordinates are

applicable to nonexponential as well as exponential atmospheres when properly

adjusted for variations in atmospheric scale height.

In addition to intra-atmospheric solutions of motion and heating, a summary

is also presented of analytic solutions for Keplerian (two-body, point-mass)

motion outside the sensible planetary atmospheres. Since these extra-atmospheric

solutions may be directly linked to the intra-atmospheric solutions, they are use-

ful in extending the vehicle trajectory out into space for a specific case of entry.

It has been found in an inspection of the results for laminar convective

heating during entry at circular velocity that a significant amount (up to about

18 percent) of the total heat absorbed is absorbed between the point of maximum

velocity during entry and the point where the velocity has been reduced about one

half of i percent from this maximum value by gas-dynamic drag (i.e., the specified

condition for applicability of Chapman's solutions). It has also been found that

there are significant errors in the altitude and range to the apogee point of the

extra-atmospheric trajectory due to joining a Keplerian ellipse to the intra-

atmospheric trajectory at the point where the velocity has been reduced about one

half of i percent by gas-dynamic drag rather than joining at the point of initial

entry.

From a comparison of numerical solutions of the equations of motion (in

conventional coordinates) obtained using both an exponential atmosphere and the

ARDC (1956) model Earth atmosphere_ an evaluation of the degree of approximation

involved in the use of an exponential atmosphere has been obtained. As would be

expected_ the effects of the approximation on integrated quantities such as total

laminar convective heat absorbed and longitudinal range are very small_ amounting

to less than 5-percent error in heat absorbed and to less than 3-percent error in

range. However_ the effect on the maximum values of laminar convective heating

rate and gas-dFnamic deceleration are generally somewhat larger_ resulting in

errors of up to about !0 percent in some cases (i.e., for certain values of m/CD A

and 7i) of ballistic entry. In certain cases of lifting entry_ where the maximum

values of deceleration are lower than in the corresponding cases of ballistic entry_

the percentage errors in maximum deceleration are even larger.

From solutions for entry into the atmosphere of Earth with and without

rotation considered, it has been found that there are significant effects of planet

rotation on various quantities of importance. In particular, it has been found

that 3 for entry at circular velocity from equatorial orbits in the direction
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opposite to the rotation_ there are increases of up to about 8.5 and 18 percent,

respectively, in the maximum values of deceleration and laminar convective heating

rate. Effects of about the same magnitude but of opposite sign have been found

for entry in the direction of the rotation. Corresponding changes in the total

laminar convective heat absorbed have been found with increases or decreases_

depending on the direction of entry relative to the rotation_ of up to about 15

percent of the zero-rotation values for initial flight-path angles of from -0.5 °

to -i0 °. Because of the rotation of the planet along with the atmosphere, the

effect of Earth's rotation for lifting and nonlifting entry at circular velocity

and at small flight-path angles is to increase the net range (or actual distance

traversed on the surface) slightly for vehicle motion opposite to the direction of

rotation and to reduce the net range slightly for vehicle motion in the direction

of rotation. For entry at supercircular velocity, similar effects of planet rota-

tion have been found with respect to maximum values of deceleration and heatimg

rate and to total heat absorbed. However, although small, the effects of planet

rotation on net range were found to be opposite in sign to those for entry at

circular velocity. For Mars_ the effects of planet rotation have been found to

be similar both qualitatively and quantitatively (i.e., in terms of percentage

changes of dimensionless quantities) to those for Earth. (For Venus_ the rate of

rotation of the planet is apparently too low to be of any significance during

atmospheric entry.)

Ames Research Center

National Aeronautics and Space Administration

Moffett Field, Calif._ Oct. lOj 1962
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APPENDIX A

CONDITIONS FOR SINGLE-PASS BALLISTIC ENTRY

From ballistic solutions for _i between 1.0 and 2.0, it has been possible

to define initial conditions for single-pass entry i of nonlifting vehicles into

an assumed nonrotating atmosphere of Earth (or Venus) as shown in figure 23. In

the case of a rotating atmosphere, the initial conditions for single-pass ballis-

tic entry are essentially the same as those shown for the nonrotating case with

the initial values of flight-path angle differing by less than 0.05 °. The dashed

curve in figure 23 indicates the initial conditions for which Vex is 1.0, and

the solid curve indicates those for which VT=o is !.0. According to the usual

definition, the former specification is that which provides the boundary between

single-pass and multiple-pass entry. However, it is seen that there is very little

difference between the two curves, indicating the high degree of sensitivity to the

initial flight-path angle at all supercircular velocities.

To illustrate the corresponding variations in gas-dynamic loading during

single-pass ballistic entry 3 a set of comparisons is presented in figure 24 of the

deceleration profiles for the conditions represented by the two curves of figure 23

at Vi =_--_ _3 and 2.0. An additional deceleration profile is presented for the

case of Vi =_'_, for the condition of (-ar/g)ma x being a minimum over the entire

trajectory. It is seen that for _i =_3 this condition is essentially coincident

with that where Vex is 1.0. However 3 it appears that for V i = 2.03 the condi-

tion of (-ar/g)ma x being a minimum occurs at_an initial flight-path angle less

(in the absolute sense) than that for which Vex is 1.03 so that a multiple-pass

entry is required. These results are in good agreement with those presented in

reference 2 which indicate that the least possible maximum value of _eceleration

for single-pass ballistic entry occurs at a hyperbolic velocity of V i = 1.48. A

discussion of physical reasons for this result and for the generally beneficial

effect of supercircular velocity in reducing the maximum value of deceleration

from that for entry at circular velocity is also to be found in reference 2. From

a comparison of the present_results with those of reference 2_ it seems like_F that

the condition of entry at Vi = 1.48 which produces the minimum value of (-ar/g)ma x

is essentially that for which _7=o is i.O. It is to be noted finall_ from the

results present_ed in figure 243 that the exit values of flight-path angle for the

condition of Vex = 1.0 increase slightly with increasing values of V i but are
less than 2° in all three cases considered.

iSingle-pass entry is defined as that for which the exit velocity, if it

exists, is equal to or is less than the local circular orbital velocity.
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APPENDIX B

LIFTING ENTRY AT SUPNRCIRCULAR VELOCITY

As a means of presenting a large amount of data as compactly as possible_

some results of many solutions obtained for lifting entry into an assumed nonro-

tating atmosphere of Earth (or Venus) at three supercircu!ar velocities (_i =_,

_, and 2.0) are presented in figure 25. In this figure the abscissa gives the

initial flight-path angle at entry and the ordinate indicates the flight-path

angle at which V is 1.0. Constant values of L/_ are indicated ranging from

-0.5 to 0.5 for V i of _, from -0.3 to 0.3 for Vi of _, and from -0.3 to 0.2

for V i of 2.0. Also indicated are lines of constant maximum gas-dynamic lo_ading

with (-ar/g)max ranging from 3 to 40, from 6 to 60, and from I0 to 80 for Vi

values of_, _, and 2.0, respectively. For negative values of L/_D, these maxi-
mum deceleration values apply only for that portion of entry from Vi to V of

1.0. The dashed line in each part of the figure indicates the limiting initial

and final conditions for single-pass entry (viz._ those values of 7i and Yex

for _hich Vex is 1.0).

Several interesting observations may be made with respect to the results

presented in figure 25. First of all_ there is a marked reduction in the depth of

the entry corridor (i.e., range of permissible initial flight-path angles or

vacuum perigee radii for single-pass entries) with increasing initial velocity.

For lifting entry at parabolic velocity (_i = _), a corridor depth of about 2° in

initial flight-path angle is obtained when a constraint of 10g in maximum decel-

eration is imposed. For cases of lifting entry at _i values of _ and 2.0, the

corresp0nding corridor depth (based on the 10g constraint) is reduced to Yi

ranges of about 0.75 ° and 0.5°_ respectively. Second_ it is to be noted that_ in

all three cases considered_ the limiting conditions near the overshoot boundary

for single-pass entry are not very well defined; extreme sensitivity to perturba-

tions in initial conditions is characteristic of atmospheric entry under conditions

of negative L/D. This sensitivity is indicated in the results presented in fig-

ure 25 by the nearly vertical slopes of the curves for negative L/D as the

multiple-pass boundary (also single-pass boundary) is approached. Third, it is to

be noted thatj in all three cases considered_ the exit flight-path angles within

the 10g entry Corridor are considerably smaller than the absolute initial flight-

path angles. Moreover_ the maximum exit flight-path angles (which correspond to

conditions along the undershoot or 10g boundary) are considerably reduced as the

initial velocity is increased. The importance of this effect is that, as may be

seen from an inspection of the flight conditions for various Keplerian ranges in

figure 5(b)_ at smaller exit flight-path angles the skip range is considerably

more sensitive to perturbations in the exit conditions of flight-path angle and

velocity as well as to perturbations in the flight conditions at any other point

along the trajectory.
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APPENDIXC

CHECKONAPPROXIMATIONSMADEIN CHAPMAN'S ANALYSIS

The basic approximation (a) of the analysis presented in reference i can be
expressed as

: Vlsin _I << i (el)

which requires that the ratio of the fractional change in distance from the planet

center to the fractional change in velocity be small compared to unity. However;

a more rigorous expression of this ratio is found to be

Vlsin 71

_g_Z

sin y

_Z

L
+ i + _ tan

(c2)

which approximately reduces to that given above when

sin y L I

i _g_r Z +_ tan yl <<l

(c3)

or

I L
sin Y + _ tan 7

J_ Zc
<< i (Cja)

It is to be noted that this general specification, requiring the ratio given by

equation (C2) to be much less than unity, incorporates both approximation (a) and

approximation (b) of reference i.

An alternate check on the accuracy of the approximate method of reference i

is obtained by determining the ratio of the horizontal component of deceleration

computed by the approximate method to that computed using the complete equation
of motion. This ratio is found to be

du

dt

i

V sin Y

_-_Z

L

+i +_tan 7

(c4)
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and, for good accuracy at small to moderate flight-path angles,

du

dt

(c5)

so that again

IZ s_in7 L_77 + _ tan / << i
(C3)

is a necessary condition. This latter specification, equation (C5), is more
l_/rl

pertinent than the former one, that of requiring idu/u-----i << i_ since it is possible

to have expression (C3) satisfied and yet have ratio (C2) be the order of unity.

However, this situation is more or less academic, since it occurs only when

V sin 7 L
= - _ tan 7 ~ -+I (C6)

so that negative values of L/D and relatively large absolute values of Y are

required.
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APPENDIXD

NUMERICALINTEGRATIONOFTRANSFOR}_IDEQUATIONSOFMOTION

To obtain solutions to the transformed equations of motion given by
equations (36) and (37), they were programmedon an IBM 704 digital computing
machine using the floating-point Adams-Moul%on,Runge-Kutta method of numerical
integration (SHAREprogram RWDE2F). For each complete solution fixed increments
were used in the independent variable _ and were varied in size for different
portions of the integration. The size of the increment for a given range of
wasbased roughly on the expected average value of deceleration and/or on the
expected variation of flight-path angle as found in preliminary integrations.
That is to say, larger values of If_Vl, up to 0.05, were used in portions of high
deceleration, and smaller values of I_I, downto 0.000001, were used in portions
of very low acceleration or deceleration where the flight-path angle changed
noticeably. As manyas i0 different increment sizes could be included in each
integration, the various sizes required for no appreciable integration error being
determined by trial and error. The initial values of Z for given initial values
of V were taken as Zi = Vi×lO-6, so that

Di: = vizi i=  i  i×10-°
1

and, consequently, the initial values of gas-dynamic drag at given values of Vi

are not equal for the solutions presented for entry into the atmospheres of Earth,

Hats, and Venus. l

Inasmuch as a singularity develops for _i <_ just after integration is

• - Z' _ _), it was necessary to integrate over the initialbegun (i.e , V _ Vmax,

portion of each such trajectory using an alternate set of equations having Z

as the independent variable. These inverse equations were obtained from the

original equations by simple inversion and combination and are given by

_To have equal initial values of gas-dynamic drag at given initial values of

V_ it would be necessary to assume initial values of Z given by

so that

Z i =

-- -1

Const. ×V i

zi = const./V i (for Earth)

Zi = 5.6 Const./_ i (for Mars)

Zi = 1.12 Const./Vi (for Venus)
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d_ i
m

dz/_V

i - _ tan 5 cos

i + _ (_r - i) sin y + _ V Vr 1 + _ tan 5 cos 8

(DI)

Va-Z= vd_ aV
dZ dV dZ

(i - TJ_) cos 7 - _ Vr 2 - tan 5 cos

1 + V (_r - I) sin y + _ V Vr + _ tan 5 cos 5

where

(02)

Vr2 = V2 + _a2 2V_a cos 7
and

sin 5 = _a__sin 7

v_

(o3)

In this case, the increment size of the independent variable Z was also variable

and was determined by specifying a constant K and using

Za = Zi + AZ (D6)

where K was generally taken to be 0.!. Since it was desirable to obtain the

solutions in terms of even values of V for purposes of convenience in tabulation,

the inverse equations were only used to obtain values of V, Z, and _ beyond the

point of maximum V where the solution could be continued using the original

equations. It is to be noted that for entry along parabolic or hyperbolic orbits

the value of _ does not increase initially_ as in the case of elliptical orbits,

and so use of the inverse equations is unnecessary.

34



APPENDIX E

SUMMARY OF USEFUL RELATIONSHIPS FOR TW0-DIMENSIONAL EXTRA-ATMOSPHERIC MOTIOH

GENERAL PROPERTIES OF ORBITS

Elements of an Orbit

A two-dimensional orbit is one for which the plane of the orbit is considered

to be invariant. As was discovered by Kepler (e.g., see ref. 14), the orbit of a

point mass moving in a central force field is a plane conic section with the par-

ticular kind of conic section (i.e., circle, ellipse, parabola, or hyperbola)

being a function of the two dynamical parameters h and E; namely, the angular

momentum per unit mass and the total energy per unit mass. In addition to these

dynamical constants, the elements of an orbit consist of values of velocity, time,

and orbit geometry. To define the actual size and shape of a particular orbit, it

is only necessary to specify any two of its independent geometrical elements

(e.g., a and b, a and e, c and d, or p and rp). However, if local values of

orbital motion or geometry (e.g., local velocity_ flight-path angle, polar angle,

or radial distance) are used solely or together with any one independent geometri-

cal element, then the specification of three such elements is necessary to define

the orbit.

Classification of Orbits

From the principle of conservation of angular momentum, it follows that

and

h = r2 __d8__ ru = rV cos y : const.
dt

(El)

--2 _a a ha
u = V cos _ = -- (E2)

_r

From the principle of conservation of energy, the sum of the kinetic and potential

energy per unit mass of a body moving in a central force field is constant, so that

E:K+P: )_- r r T- i : const. (E3)

and

v : 2 + 1 (E4)

according to the convention of defining the zero level of potential at infinity.
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From equation (57a), it is seen that the eccentricity of an orbit is given by

2e :Jl - - cos 7

or, substituting equations (E2) and (E4) into equation (E5), by

e = + _2

Thus_ the particular kind of orbit in any ease of two-dimensional motion may be

classified as follows into one of four types; depending on the value of total

energy per unit mass. (The corresponding values of dimensionless velocity may

also be obtained by using eqs. (E2) and (E4).)

Total energy Dimensionless

Orbit type _er unit mass Eccentricity velocity

_2 V = iCircle E = -_ e = 0
2h 2

Ellipse E < 0 e < i _ <

Parabola E = 0 e = i _ =

Hyperbola E > 0 e > i V >

In the case of closed and finite orbits (either circular or elliptical), an

additional element is the period of orbit. From equation (El), it follows that

l]=L=de
-0

_ 2_ab (for general case of elliptical orbit) (E7)
h

andj since

h = ru rpVp -- a(l - e) (l + e) = - e2 _ (i - e)

T : 2_ (_8)
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GEOMETRICAL PROPERTIES OF ORBITS

Circular Orbit

In the special case of a circular orbit (_ = i), the following relationships

and values are obtained:

a=r ra--r

b = r

C = 0

d = co

e = 0

rp=r

Y-- 0

e = 2_ t = tUc
T r

r_ 2_r_= 2_ =_c

p --- r

Elliptical Orbit

In the case of an elliptical orbit (0 < V < _), the following relationships

are obtained:

- ] r (i - e)V: 2 - rp
ra = a(l + e)

a r : = a(1 - e)
2 - _ rv:1 rp

P
b:a_- ea r=

i + e cos 8

lJl- e2 ( + e) -_-e : ae cos F = _ 2 (l-e) r
rp

.(1 + e) rp sin 8 - V sinRe2Yd
e

e = J 1 - V2(2 - _2) COS_ 7 COS 8 =

2
cos 7 - i

e

p = a(1 - e2) : (i + e)rp J a__s 2_a
m = 2_ _ = Ucr= a

As is shown in figure 6, the relationships between dimensionless velocity,

flight-path angle, polar angle (true anomaly), and eccentricity are especially

simple at certain discrete points in the orbit. It is to be noted that there is

symmetry about the major axis of the orbit so that all values of dimensionless

velocity and angle are functions only of eccentricity and/or radial distance.
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Parabolic Orbit

In the special case of a parabolic orbit
and values are _tained:

d = 2rp

e=l

p = 2rp

(_ : _) _ the following relationships

ra ___ oo

r

rp = _(1 + cos e)

cos _ = rJ_

e = 2_

Hyperbolic Orbit

In the case of a hyperbolic orbit (V >_), the following relationships are

obtained:

!

r_l + e cos e)

v : J2 +%(e - I) rp = I + e

d - (i + e) rp r = P
e i + e cos e

e:Ji +V_(V_

p = (i + e)rp

- 2) cos 2 7

cos7 :Vj_ 2

sin 8 -
sin 2y

2e

rp

(l + e) _--

r

, + (e i)_

COS _ :
_2 COS 2 7 - i
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APPENDIX F

APPROXIMATE ANALYTICAL SOLUTIONS FOR VERTICAL BALLISTIC DESCENT

In the case of a nonlifti_ vehicle descending vertically in the atmosphere,

the motion is described by equation (21) with y = -90 °, so that, considering

_r = const. >> i,

Z' - _ = J_7 (FI)

v 1_ /2 1
_r vz

i - , equation (FI) reduces to

Z' Z _
V

(F2)

and the approximate solution is given by

mm

Vz = z1=- +_r V Zn V_
Vl Vl

(F3)

or

solution for the motion by considering the term

being constant for small ranges of

this restriction is given by

_ : _lex_ [_ r Z<_ - Z)I

When _ _Z ~ i - m , it is possible to obtain an accurate stepwise

2 1 - Ve/2 in equation (FI) as

(F4)

and Z. The solution of equation (FI) with

Z= Zl_---+ -- 2

Vl i - V. /2

4%7 V.z.

v-
V_

i

(F5)
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or

(_)

where V. and Z. are intermediate values in the interval or step. The stepwise

process of finding the solution consists of assuming a change in _ given by C
V V

(where C << i), so that

V + C --- (F7)
VI

m

and_ also_ that V. and Z. are defined by

- V_ - Vo 3V_ - Vov. = Vl +
2 2

(F8)

z* <l c) z_
V. VI

(_)

so that

where the subscript o refers to the value obtained in the previous step. Thus;

from equation (F6) successive values of _ and Z _ V__ are obtained with a high

order of accuracy as illustrated by the results presented in figure 7 (for which

C = 0.2). It is to be noted that the stepwise solution may be extended in the

opposite direction by simply reversing the sign of C.

In figure 7 it is seen that the solution for the case considered first crosses

and then merges with that for the vertical equilibrium-flight condition in which

the drag of the vehicle is equal to the force of gravity_ and so

_#r VZ = I

w

Thus_ the curve for the vertical equilibrium-flight condition divides the V-Z

plane into two regions: those _ere the drag is greater than and less than the

weight of the vehicle. It may be noted that, at or very close to the point of

intersection of the equilibrium-condition curve and any solution_ V attains a
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maximumvalue and, consequently, Z' is infinite. This is the condition to
which reference is madein appendix D and for which it is necessary to use the
inverse equations of motion in obtaining numerical machine solutions.

For vertical descent in the absence of any appreciable atmosphere, the motion
is described by equation (15) with p = 0, so that

Vr - v I (Fll)
dy 2

Upon integration of equation (FII), the relationship between dimensionless velocity

and radial distance for vacuum free fall in a central force field where the force

of attraction varies inversely as the square of the distance is found to be

- r-- - 1 (Fl2)

and, when the initial value of velocity is O,

__R
V r

2 ri
(F13)

It is to be noted that equation (FI2) can also be expressed as

___ = 2 - _ r__oo (F14)

ri 2 - _i 2 ri

where y

Z

is the altitude from the surface, and ro is the radius of the planet.

To transform the vacuum free-fall solution given by equation (FI2) into _,

coordinates, it is only necessary to substitute equation (FI4) into

: :_ -- exp _ri) (FlS)
V V±

and, consequently,

IV = VU exp _ri) %2]j (FI6)

This solution is also indicated in figure 7. In this case, the initial values of

V and Z were obtained by extending the stepwise solution downward to a value of

Z equal to 0.010, so that

w

Vi : 0.0773

Zi : 0.0!00
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and, consequently,

Di = j_ ViZi -_O.O232(for J_7 : 3o)
mgi

which are practically equivalent to zero-drag conditions.

It may be noted that the differential equation corresponding to equation (FI6)

is found by differentiation to be

which_ for

Z' - _ : ._riVZ (FI7)

Vi2
i

2

Vi << i, is essentially equal to that obtained by considering

1 - -_ >> J_r VZ ---0 (FIB)

in equation (FI).

42



REFERENCES

i.

2o

•

•

.

.

8,

•

i0.

ii.

12.

13.

Chapman, Dean R. : An Approximate Analytical Method for Studying Entry Into

Planetary Atmospheres. NASA TR R-I!, 1959.

Chapman, Dean R.: An Analysis of the Corridor and Guidance Requirements for

Supercircular Entry Into Planetary Atmospheres• NASA TR R-55, 1960.

Chapman, Dean R., and Kapphahn, Arline K.: Tables of Z Functions for

Atmosphere Entry Analyses. NASA TR R-106, 1961.

Allen, H. Julian, and Eggers, A. J., Jr.: A Study of the Motion and

Aerodynamic Heating of Ballistic Missiles Entering the Earth's Atmosphere

_t High Supersonic Speeds. NACA Rep. 1381, 1958.

Gazley, Carl, Jr.: Deceleration and Heating of a Body Entering a Planetary

Atmosphere from Space. Rand Rep. P-955, 1957.

Nielsen, Jack N., Goodwin, Frederick K., and Mersman, William A.: Three-

Dimensional Orbits of Earth Satellites Including Effects of Earth Oblateness

and Atmospheric Rotation• NASA Memorandum 12-4-58A, 1958.

Wong, Thomas J._ and Slye, Robert E.: The Effect of Lift on Entry Corridor

Depth and Guidance Requirements for the Return Lunar Flight. NASA TR R-80,

1961.

Linnell_ R• D.: Vertical Re-entry into the Earth's Atmosphere for Both Light

and Heavy Bodies. Jet Propulsion, vol. 28, no. 5, May 19_8, pp. 329-330.

Wingrove_ Rodney C., and Coate, Robert E.: Piloted Simulator Tests of a

Guidance System Which Can Continuously Predict Landing Point of a Low

Vehicle During Atmosphere Re-entry. NASA TN D-787, 1961.

Kennard, Earle H.: Kinetic Theory of Gases_ With an Introduction to
Statistical Mechanics. McGra_r-Hill Book Co., Inc., New York, 1938.

Minzner, R. A._ and Ripley, W. S.: The ARDC Model Atmosphere, 1956 • Air

Force Surveys in Geophysics no. 86, Air Force Cambridge Research Center

TN-56-204, 1956.

Jensen, Jargen 3 To_send_ George_ Jr._ Kraft_ Donald_ and Kork, Jyri: Design

Guide to Orbital Flight. McGraw-Hill Book Co._ New York_ 1962.

Victor_ W. K. 3 Stevens_ R. 3 and Golomb, S. W., eds.: Radar Exploration of

Venus: Golds,one Observatory Report for March-May_ 1961. JPL Tech. Rep.

32-132, Pasadena, Calif., Aug. 1961.

43



14.

15.

Moulton, Forest Ray: An Introduction to Celestial Mechanics. The Macmill_

Co., New York, 1914.

Luidens_ Roger W.: Flight-Path Characteristics for Decelerating from Super-

circular Speed. NASA TN D-109i, 1961.

44



TABLE I .- INDEX OF TABULATED SOLUTIONS

Table

No • Planet

II Earth

IIl Earth

IV Earth

V Earth

VI Earth

VII Earth

VIII Earth

IX Earth

X Earth

XI Earth

XII Mars

XIII Mars

XIV Mars

XV Mars

XVI Earth

or

Venus

XVII Earth

or

Venus

XVIiI Earth

or

Venus

XIX Earth

or

Venus

XX Earth

or

Venus

_i _a -7i, deg

1.00 -O.06

1.00

1.00

1.00

1.02

1.02

1.o4

1.o4

l.lO, 1.20, 1.30,

I 1.41, 1-73, 2.00

1.00

1.00

j 1.41, 1.73, 2.00

1.O0

1.00

1.O2

1.04

1.1% 1.20, 1-30,

1.41, 1.73, 2.00

.O6

- .06

.o6

-.06

.O7

0

O

I 0-5, 1.0, 2.0, 3.0, 4.0,

j 5.0, 6.0, 8.0, i0.0

O.5

o.5

I 2.0, 3.0, 4.0, 5.0, 6.0,

8.0, i0.0

3.0, 4.0, 5.0, 6.0, 8.0,
i0.0

those for which _:o=i

I 5.0, i0.0, 15.0, 20.0

I
those for which _7:o=i

0-5, 1.0, 2.0, 3.0, 4.0,

5.0, 6.0, 8.0, i0.0

O.5

2.0, 3.0, 4.0, 5.0, 6.0,

8.0, i0.0

3.0, 4.0, 5.0, 6.0, 8.0,
lO.0

those for which %=o=1

LID

0

0

0.5,
1.0

0.5,
1.0

0

0

0

0

0

0

0

0 -5,
1.0

Page No.

46-54

55-63

64,65

66,67

68-74

88-93

94-99

lO0-105

106-109

11o-113

i14-i16

I17-119

120-128

129,130

131-137

138-143

144-149
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TABLE i!.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; Vi = 1.00, [a = -0.06, Zi = ViXl0 -e, Dr = 900

(a) Yi -0.5 °= , ei : 0.00873

I I I I

1,o'apo 1._ _ .cooo_< _) .t<3o ._D=_ .c,_1 ._9 .,_c-s! ,_2.e .:5_8 .6_.-+59+ .w

i. oce¢:f i. > .OOUlOS_ .411 ._ ,oo35 .Ol_] .093]' ;17.o _aT_ .oc_17: ._7

i. c,a_o :., .ooo16_ .399 .MJ . c._;85 .i)153 +1222 r_J.J 01_7 .O0_:_ .0

1.OOCO .0CO_375 ,361 .7:'0 * _i-" . L)_O] ,_75_ "_.7 G3:_8 .0,o:_l_ _ .O,

,99B0 _. ...... ,OOlolg_ .369 .34G ,0345 _]_R .3588 150+] . 16_ .0077C_

+_yo i. . c,o:_e_,9 .3Y8 .D6 .c_<? ?_li ._ _5_-. 3 1. %,53_ .oov_ + .0-.

,?=93 ° .s019993 ._3 .3"-_ .c6To _52_ .5073 i_,o A2655 .008_ ._:

,9_'_ l, ,_c_2o9 ,_96 ._ll _ _49 .5315 }33,3 . 4146 .0_74 .# '

.g,BC_ i,, .... .OOGI_ .603 , :,_,<+ .:7:5 _18 ,757-3 _.%_ i 5008 .co957 .z_

,9650 i._:",, .UlOll] .804 .757 .33o . :_ .975T : ,76.1 : 1283 .o1_9

.9600 l J, . .0_0_ .866 ,81_ ,_i ._88 +9845 i _7.7 1. 2651 ,ClO_9, ,3 _

,9boo ].i:< .... mo97 ,091 _,uS± ._9 ,1494 i.I_]0 _o,i ,Sk_ .oil: 3 , 6+

._oo .7-,': _ .OBI_T :.3c3 1 ._>3 ._ .17_. 1.2b}_ ' _-o. 5 :. 3734 .o1161 :' I

,91o0 :7 :: .o_l 1,4oo 1,323 L.166 ,L_5 1.]145 I_,2 -_9_ +Oll -P_o 1.2-

.90o0 .9, ,r: .o_39_ ,a93 l,ann .3s,8 _95_ 1._, _:>_.8 : ;7325 . az._cc_; ±.,,,

._c_ +91+:..:, .0_747 ,_?I 1.76. < 1,7]/ I_2 i. _i,ii ; Ib%._ . l_Ol ,oi_7 l.q'

.860g ,9:co , C_L-..___h 1,_0_ 1.7_1 ,Z_ 75T 1. 5101 T_,z : -7_15 .OL'_S(" _,57

.t_c_ .0_:c .lC___ :,IT _._ -97 a_ 1.622d :±87.3 i.._T58 .ol3cq 3,8 _

.78c_ ,I&IP5 .,_t 2._o ,83 . 577 l. 'fll6 1197.o L_yll .013_1 _._

............... o_ :':' 7i77 ...... 59h .... 95 ........ ,5C95 . Old6, .....

.ra_ . ,_ .1805_ .79 .E8 5_8 1,7837 I/OA,8 : ,5_33 .o13q_ 7, g _

.TggO . _ ._012 .9_ %10 50_ L81_9 i 08.2 L. ,:733 .OlVg_ 8._{ _
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TABLE II .- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.00, _a = -0.06, Zi = _i×10 -6, _r = 900 - Continued
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TABLE i!.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH_ _i = 1.003 Ua = -0.06, Zi = _i×!O -_, _r = 900 - Continued

(c) 7i : -2.0 °, e i = 0.03490
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TABLE II .- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.00, _a = -0.06, Zi = _iXlO -6, _r = 900 - Continued

(a) 7i -3.o°= , ei = 0.05234

I I I I
i.oooo a. %_,_ o. o0OOOlO 3,ooo _.83c o. c<x:o o, oo'.2 o o o o o.o_

l.ooo9 l.c, v+ .00oco_ 2.9_y) 2,83[, .oooi .oo19 .0oo9 15.Z .o191_ ,oo16,: ,<o,

LCOl8 L_O_ .00OOO51 2,998 2.8_ ,ooce .oo3o .oo22 31.h .o3837 ,oc_c13 .)to

i.ooi_ l.s_ i% C;C_I_3 f%_95 ;,_6 ,coo 5 ,00_T ,0og/i _T, 3 ._5"_0 .O0_O, +

L,0(_0 l. c_,19 ._0CO389 _,991 2.82"2 ,C(ll3 .0075 .0O8O 63.6 _76T ,0C&O ' ,....

I,002_ 1.06e_ .0001o13 2,986 2.817 .0034 .o125 .Olhl 80.8 .09_9 .0o_I i .,_

1.0030 1.06_) ,0013725 2.967 2.8@0 .0663 .O_tff_ ._ _.5.7 ,15_8 .00_ .@,I

1.c_ 5 z.O_h .0C_5_8 _.953 e. "r�_ .o85_ ._t_ .¢755 1)6._, 16_;"9 . oc&c:3 .)

I.00@0 I,0619 ,_3_5_ _.962 _.79. ,I166 ,OTO 3 .0_ lhl.9 17351 .0090! ' .12:

i,OO1 _ I.C6_" 0C_312 @._e,l 2.7p_ .]a59 .078_ ,0_9_ l'h�. 8 17_'_9 ._"O_'9 ,' .i ;

i,0OIO I,C60_ 005133 2,960 2.T9_ =17_3. ,0855 ._0@6 iI_.9 l._Ou .O09ha_ ,_5_

I+0OO_ I.Og0b. .0059_. 2.9C0 2.7'93 ,1999 .C'918 ,).169 I_I._ .18515 ._' : .l,'_

i.OGO0 i._519 .006"fL?. 2.960 2,T93 ._6 ,O97_ ,1245 153.6 .18782 ,C09' ,1 ,;',l

._9"T0 i.0r2_9 ,011nl 2.963 @.79_ .37 f ,12=.2 ,1615 162.7 19_93 .OiO!, _ .!_
.9960 I.05 Y) .0/2684 2.96_ 2.79_; ,_L_6 ,13_9 .l_u_ 16_.9 ._0158 .010= :_ .,

.9950 1._9 ,Olhl)6 2.965 2.79" ._Th .1399 .1815 166.6 ._0_93 .010- _ .,'

.99_0 i,o_39 .Q15579 2.967 2.'79_ .5_2 .I_, c ._ 168,6 .2_3 .ot0,' : .'_7:::

._]c x._L_ .01701_ _._8 2. "rg,_ .57o .1528 .199: 17o.1 .2oT9_ .o1_ ._l.,

._o z,0519 .018_ 2.97o _,8c,: .61_ .z58, _ . _077, 171.6 ._0_9 ,elope _ .%6

,9910 1.o509 . o1986h 2.9_ 2.E_ ,66_ ,_6_3 ._lSh 1"?'2,9 ._iI'0 .Oll _ ., ::

,9880 1.0h79 _c_ _ii 2.977, _.8Q7 .80% .1798 ._373 176.1, ._1551 .oli ._

.9860 I.c_9 .0269e Z.981 2,81_ .9_ .1890 ,_5C6 178.4 ._I19_ .oni4_ .819

.98&0 I._D . C_9TI 2.98( 2.81_ .987 ,19"77 -_63' 180.2 ,22_0_ ,oi_ _, .9c6

.98e0 1.Ok19 .0325o _.99o _.81'_ I,Cr_B ,_058 ._75_ 181.8 ._;reOl ,on, _ .993

.98OO 1.o399 .035m9 _,99h _,SeF i.If'8 .21"_ ._87' 183.3 ,223_o ,Ollr t,,' 1.080

.9_)0 1.03_9 .0_221 3,0a6 2.83_ 1,391 ,29 c6 .9/_ _86,_ .2"2770 .OI.U_" i.='99

.9 ,'o0 I._99 .C_910 3.017 _.8_ 1,611 ._58 ,337'_ 189._ ,m31Ol .oi_',_5 1.518
,9d50 1.0_k9 .C5596 3.0_9 2,862 1.8_8 .2_93 . _6CA. 191,8 .23987 .01_i " i. 7_,0

.')550 1._k9 . ¢_961 3._ 2.8r_ _.25 .2_ ._m_ 195.9 .23865 .0_ ',l.l '.187

.9300 .9899 .i03_ 3.121 2.9!, 3,27 ,3_35 .i_85C ROS., .2_7)6 .0129!0 L3)6

.9:_00 _"9_ ,Ii_,83 3.1_9 2.95( 3.6fi .3353 ._13_ 2o5._ ,25OO5 .o13o57 3.510

._00 .9599 ,1_3h9 3,208 3.07_ _.kl .35_ , _65(' 2O9,? .25_60 ,013330 (.?B3

.!_SOO .9399 .1699_ _._o9 ].C_:,O 5.1E ,56_9 ,61] _13, _ .2_837 .013523 5.793

,86OO .91_ ,19616 3.333 3-115 5.79 .3718 .6:_' 216. L, .26158 ,0l_708 6.8h3

.8_00 .8999 ._2 3.399 3.Y'1 6,h3 ,3TI_8 .6_ 719.1 .26_37 .01_873 7,93_

._2o0 .8799 .2_79 3. h69 3._ ';_ 7.a_ .3Tt_ .7_ 2_. .26685 ,014c_1 g.O?l

._0o¢ .8599 .2735 3.5_ 3._95 7.58 ,3718 .751_ 223.5 ,26908 .01_158 10.256

. ,'BOO .8399 ._988 3.615 3.'_C 8.11 ,3667 ,7819 _25,9 .27110 .o11_28k iI,h9_

._600 ,8199 ,_38 3.698 3._7 8.59 .3598 .80_: _7._ ._W_95 .Olhl*03 _,783

.?_00 .T999 -3 I_ 3,781 3.k'),_ 9.6 h ,3512 .83 _, -'_. ,' .271_66 .01_51_ t_.132

.720¢ .TT_9 .3731 3.869 3.5 ,'I 9._5 ,3hl_ .85 i 2_i. 5 .2762h .Oll_O :5._h5

.,'coo .D99 ._Ta 9.961 3.e_5 9.83 .33o_ .07,, 23]. ": ._77_ .oli)721 _?.c_

j_oo .7_99 ,h211 _.06 3.'_8 Io. 17 .3187 ._957 23_.< _ .-_791o .01_818 _8.577

,,_60C .7199 .4&_ _.16 3.&2 i0._7 -3 C62 .91_: 2_.. .28_1 ,o1_,911 o._c_

,;kO0 ,6_ ,h6TT h.27 ].9:31 i0.i "L ,2930 ,931o 2_, ,2816_* ,o15oc_ :i.'_ 3

.'_200 ,6?96 ._90_ _,_ 3.993 i0.97 ,2T9_ .9_, ,-_ _39s .28e8o ,01509o ;'3,7_9

,6C_0 ,659e .5127 I+.50 U._ 11.16 ,_656 .961 _I,1. T, 28391 .015176 '5.63_

.58(3O .6_ .5345 _,63 Z_,l_ 11,3_ ,2_1 t* .97, _2. .28_96 . o1_260 ;'T.6_Y

.56OO .6195 .5558 _.76 h.<, Ii._ .2372 .9@,%" 2_.3, :_ .28596 ,01_3_ 29.776

._OO .5398 .6353 5.ko _._: 11.57 ,18_ 1.0>_ _9.' .28957 .01_62 _9.706

_600 .5198 .6535 _.60 h.?_ 11.51 .1673 l.(_.l_ _51.3 .L'9O_9 .o137ko _.61_

._4DO f109' .67C_ 5,8O 5.11 3_._ .151,I 1.0_99 252.5 .29118 ,015f519 _5.737

._00 -_79"r ,6873 6.03 5. _ 11,30 .I_*IP. i._8 _53-'_ ,_919h ,01589_ #9- O9_

3800 .h_9" .T1T_ 6.55 5.+5 I0.% .!158 1.0_15 a56.9 .293_8 .0160_ 56.820

._ ._I_ ,73o_ 6.8_ _.87 10.72 ,Io53 l.O,'f:: 2_.C .29_06 .016137 <0.869

,3hc_ .399/ ,7_ 7.1,8 6.1o _c, _= .o9h3 1. O_ _;," 26C_ .29_73 .o16218 65.5c_

._oo .979+ .7528 7.55 6._ to, z, ,ca39 1.o_. ,9 261.i . L0537 ml_3o1 70.577
• 3oo0 .3595 .7616 7.96 6._ 9._L ,o'r_o 1,09iT 26_.,_ .29599 .01638_ _.I_3

;80_ .339t ,7686 8. W4 6,95 9._,9 ._6_ I, 0_i 26_, <, .29659 .O16_72 8_, 3_8

._6o_ .319_ .773h 8.98 7,30 9.1o ,o562 l,l,ml ms_ ,' .29718 .01fi562 89.239

,2h.00 .2995 .T75_ 9.62 %70 _.I_ ,0k,8_ 1,i_6 268.6 .29'TT_' .01665 I_ 96,9'T_,

.2"2C_ ._= .TTSh 10.36 8,1h _.4 ,OttO9 I. IC>'", 2T:( .29829 .016750 _o5.731

2OoO ._591 ,7716 11.25 8.66 "'77 .031_ l.lZ_7 277 ,' .;9881 .01685_ 115,7h_

.1_0 .;_390 .7639 L_.]% 9.26 ,'.:', ._81 1.11:,! 27&'9 [2_1 .016957 L27. _[.

.1600 .21_ .751_ _3,69 9.97, _. .ce_? z.21_ 5 _Tr._ .O17O69 z_0.919

.lh(X3 .l_!i .733 b 15.gh IO._ t, i:_ ,o17_ I._185 _t,. ,3 .30"_8 .0171_o 15_. 160

.I_OO .z7_h ._ 17.78 11.88 5.61 ,o137 l.]: ,: _ 9 .3oo73 .o17_ 3 ITT. Olh

.l_O_ .1575 .&735 21,09 13.2i ._ _ ,olo1 i.1.: 2_ 2_.:: .3012 h .017_?0 :C_,06

.o9OO .11_c ,652c 23.3_ I_.o3 _+,$5 ,0o86 I._ _8_ .3Ol_h .017551 '17.33

.0BOO .lyT1, .6,."71 26,18 I_,99 _,._ .0OTI i._: _ t'9o.1 .3oI_3 .01763_ ;_35.17

.0700 .125_ .5985 ;9.93 16.15 _ _ .Ce58 i.I _! L_�P.3 .30172 ,017735 :!_6.k8

,05o0 .10,4 .SL�q _,Ol 19,k5 3,3! ,oo35 1.1243 29_<, .3ceo5 ,01797_ D.T.61

.0_50 .O958 .51o9 _8.79 _0.69 _.:; ,o030 1._,,5 _99.<_ ,3nL!_ .018o';o 3t_O. 5B
,£¢400 .0_4 ,h�h6 57.C_ P'2,_ 2.9G ,CC_ 1.124 v 3_.I .30_o .0181_5 ]70.9h

.0)60 .080q .k889 '7. '_6 24.26 ._'F ,0_20 1.1249 _,%,_ .30_25 .Ol_L9 hOy.h_

,0_k0 ,O75 .4961_ 76 _ _5-8'? _, 51 ,r:,',17 1. i_ 51 3c_, 7 ,3_B .01@329 _38.0o

.0_? ._59 ._89 _5._0 _8.31 _.30 ,_013 1.125P 3C9.5 ,3'::L_9 .018h43 _,85. hL:
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TABLE II.- VALUES OF Z FUNCTi0NAND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH] _i = i.00_ Ua = -0.06, Zi = _iXlO "6, Dr = 900 - Continued

(e) 7i -4-o°= , ei = 0.06976

1.0005 I. C_, ,oo00C_5 i, ooo 3.773

1. OOlS 1._i, ,oooG15_ _,99_ 3.771
i.00@0 I. 0£I( .000038_ 3.993 3.768

1,0095 I, O_:gg .CO01DI2 %9_9 5.764

LO03O i. o6m_ ._ee3066 _.98_ 3.759

I,oo328 I. _631L ,001019_ ._'Ff 3-753

I.OO30 i, 06_ .0_407 972 3-7118

i.¢<_5 L 0_?_ ,oo3795 .97o 3.746

i.oo'_o I.c_ I! .oo4999 ].9159 3.7_>

I.0010 1.06_ .00T218 <968 3.%_

I. 00o5 i.06_, ,OC_O < :_8 3.74a

.999o 1. o589 ,011_4 _.969 3.7_

.99_0 i.O779 .oi3_-9 L_9 3.T_ .a>O

.9970 L0569 .0153_ 3,9T0 3.7_5 ,_16

.8960 1.0>95 ,OiT3_ 3,__T1 3.7_6 . _,63.

.99_0 I.o539 o2118 3,974 3.TZ,5 .rio

.993o 1.05_9 .0231o 3. c_9 3.749 ._74

.99_o 1.o>19 .oz_o& 3,'_76 3.750 .a37

•_10 i.050_/ ,_91 3.'_78 3-751 ._00

.98_0 I. o_79 .03_ t_2 3-7>_ l.e_

.9860 1.0_58 .0_33 L_5 3.737 I.;9

.9_0 !. 0_39 .0_007 3,569 3.760 i._

._803 1 039_9 .o_7_o !.u95 3. T6_ ....

•9750 i, 0349 .0_673 4•ec_ 3, TT2 1.:_-9

.gToo i, o299 .C6589 <:&4 3, T80 P•l_

,9_0 i. 02a9 ,0TSO0 "-"_3 3.T_8 :._5

.9_00 Loz99 ._O7 <033 3.796 :.,'_

.8550 I. 01_9 . _9309 ',,(:_ 3.80_ I.Ol

.8500 i. oo99 . io_s7 <_3 3.813 L -_

.9_30 .9999 ,11993 ,uOT4 3.830 !_"

.93 O0 .9899 .13739 ,•. c_6 3.Ba8 _._

• 91 ce ,979_ . I_513 < 118 3.866 :_,_,
_ioo .(_,99 . i7253 4. '-41 3,_85 % 5

• 9ceo . _599 .16979 ,. _64 3.9 _ '. ?3

.?SO0 .839_ ._B3B 4.49> _.17_ ;o._

.T6CO ,8195 .4!63 4.960 4._6 _],_

.T='A_ ._'98 ._7>5 _.T_ <339 i .,,,.

.70{_ .7598 ._O_i 4.?_6 _.399 1L47

.6600 CEgB . ._59o a,9_*0 <_a9 13•iy

.8l_00 /9_ • ._854 5.03 <399 I i:.44

._000 .8598 .639_ 5,_3 KT52 _._23

,_BC_ .6398 .659_ 5-33 i'• 83_ li•_r

._oo .>997 .7oa_ 5._7 5.ce ±-.c"

._00 .5797 . T:'_a 5.71 >.i_ i<c_

.WOO 5_97 .T637 6.00 _.34 l: uo

• _3co .51__ .TBI3 6. IT >. _6 13. %

,_ooo ._59_ .8_9 6.77 5.89 .:_

._00 ._dg_ .SYrB 401 6,05 L. _

-3 _oa -359_ .8672 8._ 6,Ul _i• _'_

_00 .339_ .869_ 8. T2 7.18 1o. F3

• _60o .319_ .86,8> 9. _ 7. 49 IO• 22

._00 .2993 ._9 9.BO 7.D, 9.68

.1290 ,2T9_ ,$579 10.49 8. i _. 9.12
:'O3O . a591 ,8:_TI il. _ 8."1 8. >3

.1800 .235_ .8320 le. 3 i_ 9-:_ T. 92

. i_oo .1983 , Tasi 15, _T io. 7o 6,fi3

.12eo .1781 .T510 17.5o "-1. _ 9 >.96
, lc_ .1576 .7c_ aO.6T L ,_. 9_ 5.27

.0700 . i_ .6182 29,18 19.74 4.19

O6OO . i14T .58{_ 34. _1 IT. IC 3. B_

05OO .I_ ._391 41.77 18.90 3.4_

._50 .096_ .5178 _T. 3_ _r.A 3.21

• OaO0 •_891 ,_979 _9,14 21. dl _.9_

.09_o .o8_ , _915 59. :)8 _. _,: 2, 06

.0360 . _J. . _874 64.77 a3. 3( 2.71_

.0350 .0T99 ,48T0 68.15 _3.. _4 _.66

•033o . O753 .49--"8 76.130 _5.40 _.54

•0321 ,069_ . _189 87. _i 27. _ a. 33

=

.ooo1 ._019 .-- ;]._ ,::_38 ,oo_

. ooo5 . c,z'_7 . o033 . " , _ _3 . C03022 , oou

.0_13 •UOT_ .0C59 _ ,o799 . C_c5_ ._1

.oo34 .cz_) .oI_ 3 _. .or339 .DO512_ ,co

OlO_ ,'-IO .0"1_ "#+.E . o910_ .oe_ 358 .OO9

• 0344 .o_3 ,03_ o, .llOa3 .00T693 .o3_

,o614 , c',88 .o_51 ]:n,, ,lP39 T .0086_8 .cqp

• 1281 . ,_'38 .0fi_ 1'. 5 . i31_ . _09154 . IIL

.16_ .c_6 . C_]O1 :.m.s . I3_69 _O09.t_-I ,15c

,3!_ .11_0 .I098 I, _ . I_T0 ,01oI_ ._

,383 .66 .IEI_ 1:1•9 .IL'BB9 - Ol0377 ,3_I

.1370 .1318 1 4• o • I_51 .01O558 . _o_

,:_> .1413 ]_,,. .15373 .010C13 ._62

• l_52 .1501 _,[, t .15567 .010_47 .5al

• 1708 . i_6e 13c. ' .15893 , OlIOT_ , _39

• IF_O .IT3_ 13_ ! ,16034 .011172 .658

• 1912 .187_ 133, ; .16_I .0113_ ,815

• igT_ ,19_0 13< • 16_2 . oii._ _0 .873

. :_6 .at79 _,,, ,!6769 .011683 l.lC_

.,:95 ._88 1_. " . u69a8 . oLI?'9_ I._

,_673 ._Tzo a;.3, 5 .17496 . OlaigO I.T_

.-_4T ._930 1J._:?; . ITT_II .¢L_62 _.038

• 3OOl .31_ !,'C.', ,179D .012512 2. 33a
• 3139 .330_ iq9. o .181_ ,Oi2e _5 2.62"

• 3_63 .34T4 15':. _ ,18311 .01276,_ _ _. 9_

•33?6 . _634 i_i, ' • I8164 • 01287_ 3.223

• 55To .3930 _f_•.i .187 _ -o13_63 3- 827

• 3T3O . _Ol : _,. 1 .1.c_63 . o1322g 4.1_38

•3B63 • _51 : 57. ; .19160 .013373 5. o_9

.39_ ._68_ 15_ _ ,193_ .013>03 >.6_

._061 .4901 I<LO .!9509 ,o!36a1 6.3_

._IST .5_-_5 V3._ .19T9_ •013830 "f,682

.4_58 .9:,5_ 165.9 . a0037 .01_010 8.9_0

, _ .>•_ iF 7. '5 ,2C_51 .0141T0 io. 371

,_2T3 .6 :',' l%n ,2O_al .o14313 11,8o9

•4_3a . 65., :71., .aO_l_ .0144_6 13. 297,

.a166 .6,,9_ 173•: .Ix_T.68 ,oi_6B I_. 83T

•4078 .7G'3 174.7 ._o911 .011_82 16.45_

•3973 • 7z _2 IV6• •2101_ • 01_789 18.091

• _54 .T'_8 iTT. _ ._!16S .01_890 19.813

• 3722 ,T_24 1"¢8. . _o1_1 ,O149B6 21,603

• 35_i . T,'_ 18o. : . _1393 .015O78 23. _67
.3a3_ .7P: 181._ .21_9_ ,015166 2_.411

• 3277 .811 _ 182. 7 . _159_ .015251 2T. 439

.3118 .8; _ _ 183.9 . _l&87 .01533_ 29, 56O

• _ so 187. . _943 .015570 36- 55_

.2301 ,_8_;? i$9.._ . _2096 .Ol_y_O *i.8_6

._!40 ._93 _ 191•o ._169 .015T9_ 4_. TO!

• 15_3 - 9¢_" 191. .22239 .01>_67 _T- 733

.18-_9 .911r 193•3 ._30B ,015939 50, 95@

.16_0 .91,7 194J .22373 .016011 54,3]'6

•15%5 , _59 195. _ • _4_ ,o16_4 5_, 03o

.139_ .93_ 197•o .P2499 ,01615_ 61.9_i

•I-_62 ,9_ 198,3 .2_560 .016229 66.141

.ioI_ .9499 _t,o •a_7_ . o16377 ,%_TO

. o?90 .959 203, 8 . _ . o_>30 86.723

.C689 .S_5_3 _05.3 -P_39 ,016609 93, I_6

,0395 ,_;_a 2O6.9 •_591 . o16691 ioo. mlO

.0_30 .9735 aiO•3 ,2S990 • 016863 116,9_

• 0358 .9T_ 112. 2 .2303_ ,016934 127, 0T2

•0393 .97_ _14, 3 ,23_ _, .OIT051 :-38.661

• o18_ .9,8P_ _18. 9 ,23172 .OZT_ !8, m34

• 0104 ._SF aa_, 8 .a3251_ . oI_4 12.

.0088 .98_3 S_6.6 .23273 .01T6_ ; :_.OT
• 0073 ,9869 _B. 5 .23_9i .017681 2_,

,0059 ,9874 23o,6 . _33Ce .o17_?I :_,_,. 96

• CO_T .98T_ _33.1 .23_ ,0178T3 290. _2

.OO96 9B_3 a_6.o .2331_0 . oiT_3 ]23.49

,OO25 .9_7 2_0,0 . a335_ •o1815_ 373.43
.OD23 •9_6_ 241.0 .a3357 .o1819_ jc_._

.0_0 .9_9 242.3 ._960 .0i82_6 -c_. lg

.oo19 .989<_ 2_3.1 ._3_2 .O_8aT6 _i7._5

,o018 ,9_ _.o ._336_ .018313 _31._
.o016 .98£1 2_,8 , _336_ •o183_ _3.9_

• 0013 .9_9z _7, 3 .2336_ .018_ 3 i_. 92

_0



TABLE II.- VALUES OF Z FUNCTION ANDRELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH_ _i = 1.00, _a = -0.06, Zi = _iXlO -6, Dr = 900 - Continued

(f) 7i = -5.0 ° , e i = 0.08716

I _?,@

I._ i _(,: o.c,oooolo '._ ..%7

i _ I.O50_ .c,o00425 ,.oco 4.F17

l._1o I.O5(_: .cg,¢0361 -4._9 4.716

l._15 1.O5! _ .cnoo152 -,._7 _..715

1._ao 1.O5_ _ ,c0cx538_ ,._5 <713

1._3o 1.05:¸ ¸¸ .c002837 ,987 _._O5

1.003_0 1.053L ¸; ,0012_7 ¸¸<98O 4.T_

1.O_0 1.06[¸! ,OO3483 ..97_ 4.695

1._5 !.O5: _ .0051_ ¸'+.975 _.69_

I.Ce:3 I. _ 1 _ ._016 J..971_ 4.693

1.0310 1._C, _ .0O93% _..973 _.6_

t.C,C05 I. OSC,_ .01o59b J'.973 _ 6_

.9_0 1.05 "_¸!_' ,O17O53 i_,97_ _.693 .5"¢_

._yO 1,05_ : .O19527 ".975 _.693 .'::5_

.9_0 1,0554 ._19_ ¸'.9% h,69_ .738

.995O 1,0_i._ ,02_41 L�"r7 :'69_ .819

.9930 1. o5: ¸_ .oa'923 _._0 _ 6% .9_

.9W_ I. o5] F; .0316_ _.981 ':.897 LO_

._ I. o_,_ .0_837 ;,.983 :,.699 _, _'15

•_o I, _',;¸' .c-_.l_ *.9_, L.7Ol I_o
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TABLE ii .- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
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ATMOSPHERE OF EARTH; _i = 1.00, _a = 0.06, Zi = _i×lO "e, _r = 900 - Continued
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3_.2 .04128 .007277 .OZl

42,2 .05O90 .0O85 F •c9-,

_7.5 .05781 .01oo #_ .26_

_9. 5 o5975 i OLO?.-5, .391

50.8 . o613_ .01r_5_ .5o3

51.8 .O6255 .OIIC_ ' .E,IC

52.6 .06_5% .0111 .' .712

53.3 .O6437 o11_ ._ .81h

53-9 . O6_1o .Otl_ ':: _l_
5_-.5 . O6575 .01157 t•OZ_

_5.4 .O6685 .0117 "5 1.20u

56.2 .O6778 .ell£, _ L _'

56.8 . o68_ • 01_o'_ 3 L '4_.
57• _ - o6£_9 .01_ _ 7 l, ,,':

58. _ .07.0_0 . Ol_L (, 2. ],.
_8.9 . O710_ .0125 ;' _. _,_

59.3 .o7151 .OLd5 ,' 2. b:,

59-7 .07195 ,O1_ ,, 2. v_

6'..2 .07381 . O130:' -

6!. ? . O7,%_2 .013] ; 5.8<

&9.2 .O7498 .01 _':_ _._
6.9.. 6 075_9 . ol 5:' :';_ _-, ,': '

63.6 07662 .813_,, _ 5. ' _:
64.4 07"[57 . o1:_, _ 6,57_

65,! .078_1 .o1_ 7.:.: '_,

_5.m .o7915 .oi_, L

66.3 .07981 • o1_( ;' 9.37
6619 . O80_2 .Olb], ._ lO. 315

6718 .O8149 Ol 4_52 1_i 2L2
68.6 .O8241 0!_5:4 i_. iit"

69. _ . O8322 .o!_, 7 16. o F':

7o.o . O8395 .0] _''_ 18• o_:

7o. _ ca_61 O14q, L _o. o_ 9

71.7 O8577 .015 ' 2h. o66

73, 5 .08767 .o15 u _ _.

74.3 ._7 ,015_ "/ 3a. :
75.1 . O8919 • 0157c_ _1. _,F

75.6 _O8_@6 .01_4 : _6. uu,:

7%.5 . O9o_9 .0t55: ."o. _'

77.1 . O9107 .016,,: ; 55. u
77. 7 . O9_62 .0161 :_ 60. ",2_

78.9 .c9_5 .016_ H 7L51C

79- 5 .o9312 .016_ ,:. _. l';<;
80. I 09358 .0164 J 83, _

80.7 . O9_08 .OITH :, 89. ,_q

81.3 .o9_ .016, , 95. _,c_

81.9 . o9_ ,m67±o I_. oo:,

82.5 . O952_ .0167H 2 1(8.5b#
83. i . O9569 .0168_ 116. c_ 3

8317 .09609 .01692_ 123 ,62q

8< 4 . O96_ . m89_ 3 131.5_2

8_. 0 .0968( ,01706,2 13_).919

85. ? . O97_4 .517129 1_8.7_I
86._ O9762 .O17197 1_8. ic'_

87.1 o_01 .O1T_, 5 168. o_?

87.9 09839 .017_33 178.* _

88. T . o9877 . ol TLO2 19o. O8,9

89. 6 . ¢9916 .017L72 2C_. 39

90.5 . o99_5 .0174h5 21_, 7_

91.5 .c_5 .o17_ i, 23o. !2

9216 .1O036 .017, ,,, _46, !_

93. B lC67_ .OIT 264. r

95._ lO123 .mT_',, _84 .'H

96.7 .10169 .o17,.., 3o7. [,

100.6 I_71 .018:32 ]66. b_

106.8 I0393 .018 _:;[, 4_8.15
llo. I_ . X01,68 .018'< 530. u+

1i6. _ .1O559 .018, ':,_ 6_. 9_'
1_5, 7 . IO678 .019c r2 854. i_,_

1_.T . i07_6 . O193O5 1054. C:_
I_2.8 . IO855 .0190O9 I_10. _

149. ? . io917 .019_;,3 1TI0. 9'
_59.0 . io99_ .OeOL:_, 2_86. _

16<i .110_5 .0_C_53 2478.2

170.6 .11o86 . _O_*ZL_ 2873.
180.3 .11159 . _5 352O. _

2O1.2 .11515 ._1o62 51_. t,
287, 5 .11581 . _l'< 25 853_. t
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TABLE iV.- VALUES OF Z Ft_CT!0NANDRELATED QUANTITIES FOR LIFTING ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.00, _a = -0.06, Zi = ViXlO "6, _r = 900, 7i = -0.5 °,

e i = 0.00873

(a) L/D = 0.5

I" I I
.oceo 1.o6oo o.oo0c(: m o.5o0 o.t_ _ .,z<_. o.oo12 o

i .[x;o_ 1.o6o5 .cooc_c_ .1_96 ._68 .,a, xu .oot9 .c,.,_
!.001o 1.0610 ._o:_,3 ._ _gS .o¢_z ._3o .Cl_C

± .0015 i .0615 .oo_c] ,,: ._65 .439 ¢<,;_, .oo_9 .(. w

i .00_06 1.06_, ,oooIo_5 .397 ,379 .0¢_ .olzl ,c-9 "3

:.0015 I.o615 .ooc_l _ .3a9 d07 ,oi;o ._ ,I_4L

z.OOlO i.o61o ,ooo3_k ._98 .2_1 .o_, .o_ D ._ym

.O005 I._5o5 .oo_ _3 ,277 ._61 .ozre .o298 ._' ,%'

399o i.o_ .oo_-,] .231 ._17 .O_:l .o3o7 -3 '._
•99_ 1,0_ .0O07 Im ._07 ,195 .L,_w .0330 .2_ir

.9970 1.057o .0O08 fS± .187 ,177 ,o_ .03_ hr:_
_96o x.oy-o .oo09eoo ._71 .16_ ,o_ o366 ._
399O 1,_ .c_lo d"_ .i_7 ,iI_ .o39o .0379 .k_]

._hO %.0_0 .O011_0D -I"9 .137 .C_16

..')9_0 1.0930 .0011 [68 .i_) ._8 .c_]

_910 1.0"210 .001290 _ .l_ *I19 _i_

.99oo l.t_ .oo13921 .I17 .Ill .01_O"

._ i.0_O .oo1_%t_J .ii 3 .lO7 .b-_4

.9@00 1,0_00 .ooi_L55 ,I_9 ,i_7 .0Gq

.gTo0 i .O_C__ .OC_7b( .233 .aao • ,_x

.9650 l.Oe_ .o_33 [;_ ._75 .a_8 • J,_5:

.9600 i ,ceoo .oo_oLa -3_ ,a.9o .H.,

.9_5o 1.o15o .00_7 _ -333 .31_ .17,2

,9300 ._900 ,00_19 -3_ .3 _ .3 L_
.9"_W(3_ .9800 .010)78 "3_9 ._7 ._6!

_9100 .9?o9 ,011837 .33D .3o9 ,_Ii

.8600 .9200 .01769:_ .a6h ,_%7 ,58_

. _._tO0 .9000 .01_0_i .aT6 ._98 ,637

TS_O .8kC¢ .o_Ti 3 ._ -376 .b_3

.7600 ._00 .03_ 7 +_b9 .I'!7 .5_i!

.T_O0 ,7800 .O3TI_ ._ ._69 z,o55

.TOO0 .7600 .Q4069 ._ .I_8_ l._e

.6,_00 .7_4)0 .O/_l'i _ .#9o 1.193

.60O0 .6600 .057_t ,586 ._33 1.3_

._6_00 .6_ .063_ .6-_I -997 I.&69

.900 .6O00 .0673_ ,71 I_ .6_3 !._:

_%@o0 ._Ao0 ,o79]_ -9_8 -[_5 1.617

,#6OO ,5_00 .O8393 I .oI_ .895 1,651

,_/_O0 .9ooo .0_ I,IO0 .969 1.692

,qO00 ._600 .09o2_ 1.29_ 1.128 1.76i

3_o_ .3_oo .I_3_ 1.59 1.54 1 ,e52

.3ooo .3_oo .1285_ 2,O1 1.67 i._

.2_;00 .?_99 .I_8£i 2._. _ ._g, 1.866

.1800 -_3_ .17 o6e h.36 3.:r? I._9

.L6O0 -a198 -17837 _.19 3.77 i._07

• :_o .1998 -i_59_ 6._7 _. j,_ i .TT8

r_--"C¢' .1796 -19301 7.77 _.i_ i,?_I

.to00 .159_ .19867 9,92 6,tO 1.6_

.0900 .1%93 ._O06 11,38 6,'3 1.666

,O_gO .1391 .2016 13 .R) 7.55 1.6_

,O7OO ,k-_SS-- ,_o13 15,70 8,,_ !.6_

.C_O ,iCr_i .l.glT2 27°31 11.67 1 ._9_,

,03_ .E_ .18)38 3%83 $3.76 i._i

.O300 ,O_3k .I_939 _7.0_ I_.26 1.399

I

o o o o010i _ o .oo:)

193 ._ .L_. 715 .00"_;_0 .06_
3_ ._ -_6967 ._3i91 .Ooi

516.4 .6319"_ .OO_139 .oo3

1566,2 .81_6 ._03 .0C9
TI3 ._ .87330 ,0¢6618 .ol_

_._ _1_7 ._._ .o1_"_.o .9_ •o0,_r_ .o16

_I .o 1 .ce_?7 ._5 ,17"_1

8_7_ i .ci_ .O07396 ,_3
_9.i 1.0_780 .o07_e8 .O'a6

_17. £ 1,121_9 ,O0763 h .029

_2.6 I,I_9 .007723 .031

.o3_i ._,, 966.1 ",.1819] .O0779_ .03 I'

•c_c@ _L47 9_ -3 I.@0_31 ,OO786[, ,036

,Oall ._158 I009 .c 1,233_8 ,CO7922 -037

-_9 -7;05 lliT.e I_099. .o0e@65 .C91

•c_97 -89')_ 7_o3,9 i .h6899 ,008_0 .099

,.c_246_ i.i17_ i3I_.' i ,6OO77 .o086k7 ._6

.063T 1.2106 1356._ 1.6_O_ ._09066 ,I_

.06_9 1 ._=,_ 1)91.5 1.69105 .0C927% ,L_y

.07ko 1.3719 1420.6 1.72531 .009%6_ .19_

.0_7') 1,_67 lZ_56,5 1 -_)170 .009936 ,_=9

.09_5 1.6¢59 IJ19.2 _._3910 .010175 .2_
,I000 1.773_ I._6 ._ i._7013 .010368 .338

.lO_l 1,5_!_ 1970._ 1 ._96_" .010526 ,390

,11o_ _.o_ 5 16_9_J 1-961#7 .010_67 ,531

.ii16 2._!19 166,9. "_ 1.996_ .0LI033 ,616

.1116 _._ _ 16_ .,_ 2.O@81@ .O1118O .7O 3

.ii13 _. _ _,,' l?eO .7 _-_3o .OLl_3 .799

.ii09 Q.5725 I?_6.1 _.O_i_ ,011 $69 .932

.IIC9 _.8_ r,- 1769O _.IO_II .oi1619 1,o_

•1078 _.9'9" l_e8 7 a. 1_91 -o1=_o97 1.

.1033 3.0325 1861.5 _ .18697 .oI_I._313 1.9_9

,1OO2 3 ,_!_v 1876+6 2.19_9 .O1_2_ 2.16.?

.0967 ] .140{ IF_- 9 _ ,210_ .o12_37 2.3_

•e7_9 3 •IA37 190_ .5 2, Eq098 .01_6_0 _.617

,0688 3 ,_ 1918,_ -_m3097 .o_7_ 2.863

.OeO_ 3,3i_2 I._3,9 _ ,_ug_l .032937 3 ,_.19

•0763 _.3_6_ 1956.3 2 mgT)3 .O13037 3.7_O

.o7_i 3.3;!_L_ i_68._ z.z6_37 .oi3i39 _.o99._

.06c_ 3._o6 _o0_.c_ a._86i_ .o___o 5._7_

.s96a 3.k!i_ _ol_,l 2._r_2 .01357_ 6.05_

,o_3 3 01o.- eO_ ,_ e ._979o .013686 6.7_
.Ok_5 3.530a E_35.5 _.30_I .013802 7._0_

•01_7 3.5_:J_ _5.9 _-3_18 .0139919 8._71

,037_ 3.Y'_ S_66.4 _. 3171_ .01%1_9 10.265

.0339 3.5Y_2 L_O?6._ 2,3_i_ ,Ola282 ii.#7'0

0273 3.6}46 2096. i. _ .32857 .01_539 ik ._6

.et#_ 3.6_,o HOS.L _-33186 .01:;675 16.13_

.013_ 3.6_16 21_7.o 2.3_T_ ,Ol_egl _@,__366

.011_ ] .656] _i_7 -5 2.3_91 .oi_avl 33.t_

.oC9_ 3,66o3 _16@ .;' _ .)_6_6 .O15666 _9-8_

• O07_ 3.6656 _179._ 2.3986_ .oilY9 _8._

.O057 ] ,66{:4 _lgO.T 2.3_O13 .01_I13 _9-_

.00_0 3,6679 21_6.7 2.3Y_61 .Oi6e_! 66.563

,0C43 3.6_._¢ _0_._ 2-351_ •016377 7_.991
.0036 3.@9p 2209•_ a,35eOl .016_ _6,_6_

.00)O 3.6704 2216.1 _.3_a .0166_ 99-_9

.O0@) 3-6711 22_3._ 2.3_98 .016862 I16.9_2

,O0_2 3-671_ _7._ 2*35319 .016961 :27.815

._19 3.6717 ZZ31,_ 2.35338 .017069 i_O,860

.001_ 3.6721 2_36.J 2-35355 •017191 157.185

,_Ik 3.67_ 2_#1.6 _.3>372 .017337 179.353
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TABLE IV.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR LIFTING ENTRY INTO

ATMSOPHERE OF EARTH; _i = 1.00, _a = -0.06, Zi = _i×lO "e, _r = 900.,,7 i = -0.5 ° ,

e i = 0.00873 - Concluded

(b)L/D= 1.O

i.ooce ! ._oo

Lcoo_ 1.06o 9

1.0OLO i .0810

I.oo15 1.0615

1.0,_o5 1.06205

_ .e_25 ].081_

i .0010 1.0610

1.0005 I ._605

i ,000_ 1.06_

.9990 i.oF90

.99_0 1.0._

.997 o 1.057o

.996_ i .0960

._9_ 1.099o

.99_0 1.05_0

.993o 1.5"93o

.?,?--co l .D920

._i0 1.0510

._00 1.0'}CO

8O 1.01.80

• _'60 I.C_60

,:_eo i.oi_2o

.97_o 1.03_o

.( ,'_o 1 .o3Bo

._,5o l.oe)o

_,c_ i .o2oo

• Z:_o 1.019o

.90oo 1.o:oo

,_too .97oo
,_oo .9_0o

.9_oo

.,oo .92oo

._4oo ,9ooo

.eeoo ._oo

•8ooo .86oo

.'T_]O0 .8_0¢

• ,',_ .8200

•7_00 .8O00

.7OOO .760C

._ '_0 .7_

._600 .7_00

..*00 .7O;::O

.,,am .6slm

,],CO .66OO

.96oo .6200

.5_00 .6C¢0

•>200 .5_00

>aoo ._600

JJ_oo .5o_o

.3BOO .h_oo
,5600 ._oo

.3_0 .i,.O0o

_o0 .38,OO

.3oo0 .3830

.o6_0 .3-_o

.._.00 .3OOO

._c_ ._Soo

.16e0 ._199

•Ii_O0 ,1999

.1200 .1799

. tooo ,159_

,1800 .1396

.0600 .I193

,098_

.,33_o .0929

.3300 ,08y2

I I
:,.oocoolo o._oo o._.7_ o,_ooo o,ooI_ o

.c/xxx_ .a9_ .k6e .O901

.oo_ .197 .i_, .oi9_

.ooo_9% .16a .i_, .o_i_

,o0_161 .I06 .ito ,C_6

,ooo55_] .0":6 ,o59 .o,_o_

.0(_570', .o13 ,o]2 .0271

,000967_ -,093 -._ .o_70

.o085_8:_ -.o_ 3 -,_,o .o';._1

.000519 -.0% - .07c ,oat,(

.oec_h3o - ,0@9 -.o8_ .OalO

.Coo_i -.078 -.o m, ,o19_

.0018_6o ._5 ._I ,0861

.00267_ .111 .lO5 .1239

.0(_8_ ,0_6 ,05_ -1311

.oo_l .c_l ,o=_-o .13y:

.6"09_08 .c@a+ .0,'9 ,t},_
.OO3T_k .192 .I¢i .1_65

.cOh?_6 ,a_ ._]3 . .elO

.0_556¢ ._lq .__% .z)7

-_3 .¢a_ .o>e .3_1

.O0_ .i_5 .1,'_ .386

.Ol131f ._6h .2,< .hS_

.o15ao* .190 .I _, .579

.01615.5 .I_3 .13] .606

•o1700( -153 .I_i .6_

•o19869 ._87 ._0 .696

.03k:_6 ,56.?. .3:r, .�ao
-03115 •_'_9 .3•'_ ,97_

.o37o0 .h_D ._%c, l.Ol_

.03967 ._09 1.056

.o_7 ._o _ _ i._

,Ok6_? ._:6 ._63 i.I 30

.o51h8 .6M i .15_

.c6_?? I .o5 ,e5 l._O

.06865 1 .I_ -9_ I._56

.07259 1.2_ l.OJ I._71

.076h_ I._ 1.13 1.27_

.080_h !._9 1 2": 1.281

.oe966 a.18 1,_, 1._85

lOO,_q 3.16 2, io 1 ._69

.II197 3 A , I ,_1

.UTO_ 6._7 3.9_ 1.m57

,ll_ 7,2_ g.J5 1,2_

-_ig3 io.19 5.49 l._3h

.i_n7 ],2J0 6.2 t• I._19

.i193_ 15.81 7.i_ 1._o[

.11762 1:5.10 7, :_ 1-193

.iI_I _I.O_ 8._) I.i_3

.ii199 2_.91 o, _ 1.172

.I(Y_87 3o.37 I0._2 1.16_

I
t _ I -%'

_c -- [ -7-

o o.i16_5 D9_,2 ,_1ol 1.

c .ooo

.oo19 .oc03 .oc_

.o03o .oI_, 19_ .o ._3727 ._(Y'_9o ._

•00_9 .0_95 30_.6 .37019 *C_3151 .001

.0119 .0_2_ 51_.6 .63108 .005101 ._

.C_l ._1_ 72o.o .831_0 .006%86 .OlO

.0239 ,_512 _/_.3 •9e819 .006663 ,01_

•(_53 .28CC 790. 3 .967_6 .D06787 .o13

C_70 .331 _h .2 i .o33_I ,0069_ ,01@

.0279 -3793 _91-3 i .0906_ . C0702% .017

.0_83 )'_5 935-0 t. 14hO1 ,0070_6 .017

.O_al .h6_9 977-6 i .195_5 .C_7051 .017

.o_6_ -9563 I06_.5 1.)o159 .0069_b •016

.o_ .6012 IIII .2 ] -358_6 •IX_ST) .o19

.o_6 .6_7t, i161 .L 1 .h19"_a .00_7_ ,013

•n_d3 > .695_ 1216.3 1._R57o ._ •ol_

.0_25 .746i 1276.5 i,55_58 .006997 .011

.0'_21 .855_ 1410• 7 1.72OT 7 ,0_6569 .on

.C@_8 ._%2 l_l.l i.87819 .0_6835 .02h

.03_.7 I .l_hh I_.6 , .079T9 .oo7609 .o_

.o_ i ._L_g I_.O . .lhOl 3 .oo_i .o37

.0_' I, 516 I_5.3 2.2_330 *t208385 .057
-c937 1._5<! ._}719_6.] ._73

,0567 1,5682 1956.7 _ 47542 .oo_e_ ,_3
,o578 l.ggh3 2002 ._ ,: ,_e915 . OOW._5 ,o89

,0578 1.7571 201.6 -I :'._o3_ ,008918 ._

.o57J I._5 eoe�._ _ .53o72 •ooe032 .o93

.061_" _.19_7 22_.k _'.71Bl_ .00_17 .L_O

•0676 2.34_5 2319,9 ::.7_6 ,(X99h99 .lid

•0732 2.hTk7 2369.9 2.8_3 ,00971_5 .193

,oTTo 2.5912 2_o8.1 2 ._9_58 ._99"2_ .2_7

O787 _.8oe, _I.I 9_ _3 .olon3 .2_'

.o77o 2.99_t 25_8.6 _ ,o_379 .olo_o_ -_93

.0772 3.17_%1 _6L9 ._ 3 .IIOC_ .0103_2 .337

.0801 3.33_ e669._ _.16658 .01099e .%1_

.08_ 3 ._76L 2T16.0 3 ._lh05 .010810 .50%

.08e_ 5,:.03' _75_ .0 3.2y_61 .o10967 .SBO

.080h 3 ,'_o_ 2757.1 5.291h 3 .Oli07_ .638

•_776 5-830: 2_3_ .9 _.3_606 .0111_ .6_0

.07_3 3-_?Z e871.9 3.35871 .01L961 .7+56

.OT'_O _.ce75 2906.2 _.38883 .011393 ._5_

.o73o _.12_ 2938._ _.._160_ .o11_I ,97'_

.0716 h.193L 2968.2 3 .l_hOg6 .011681 1.103

.o69_ _.200 agg_ .3 b _6273 .onSol 1 ._

.0666 _.333o 3o_3.1 3._83KI .011901 1.3_5

.063_ _ .395 a 30_9•3 3.5o293 .011_9C i,_6

.COT_ _ ._',:6 3100.i ],53_ .01_i_5 1.T_8

.o520 h .605t, 31k9 .C _.SyD61 .ol_&l_ 2.131_

.Ohg_ h.6_ t 31_.6 3 ._%h67 .01e536 _.380

._67 _.6937 3191.3 L 59771 .oLe6_l 2._2

.0h38 _.7191 3_13.5 1.60988 .01_76_ _,9L2

,0h(k9 _.751q 323_ ,3 _•t2132 .0_8_3 3,196
3.63_i .o12966•0378 _-7@ IO 3_ .9 3 3 ,_36

.03h9 _ .80_ 32T_ ,2 3 ._23k .013073 3.861

.032_" _' .B3_) 3_9_._ 3,65193 .0131_ h .2_2

.013 I/ 4.785.o_ _ .85% 3315._ 3-66090 3

• _.2•0271 _ ,87,,h 3334.7 3.669Q_" .o13 5._81

•C;2_-T _ ._3_ 3353. _ 3.67696 .013576 6.072

.0_3 _.91_ _j 337_.7 3.68ki0 .013712 6.869

._ ta ,_L' 3391-5 3.69_7i .Ol3_O 7.773

.0178 _.937 ;, 3409.8 3 •6968_ .013991 8._

.0156 h .9&_ c 3h28.3 3.7021_7 .Olh138 ]o .o68

-°136 _ .95 c_ 3h_6-9 ] .70768 .01_293 11.577

.0118 h .96'2 3h65._ 3.712_ .01_60 13._9

.o1_ _.97 h' 31k_ •i 3.71677 ,011_629 15.B13

,O08h _.9810 35e2 .t! 3.72066 .01_83h 18.8_

.0056 _.990 _ 3_$0 ._ 3.7271_ ,01527h 27 -_92

•g_39 _'.99" 3_ZO._ 3.7909_ .mj._ 29.69_

,00_ h .9572 3_80 •7 5.73197 .01_807 t_5•23h

,00_9 _.99a 3991,z 3.73_9_ ,0i_3 _,_.C_3

_.99) _- 360't,I 3-73377 ,o16132 :,0,_,_

,o,:x_o 5.Cc¢_ 3613-5 3.73_52 ,016318 'I._03

.C02_ 5.oe9,: 1619.> 3,73_85 .oI_I_ "8._11

.o016 _.OOl_ 36a5._ 3.73516 .0i65a6 !4.407

.001_ 5.001 3632,3 3._5_3 .0166_3 95.995

.0013 5.oc:'_ 3639-_ 3.7356_ ,016773 1o7.875

65



TABLE V.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR LIFTING ENTRY INTO

ATMOSPHERE OF EARTH] Vi = 1.00, _a = 0 06, Zi = ViXl0 -6, Dr : 900, 7i -0 5°
e. = 0.00873

: (a) L/D = 0.5
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TABLE V.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR LIFTING ENTRY INTO

ATMOSPHERE OF EARTH; Vi = 1.00 _a 0.06, Z i Vi×10 -6, _r 900, 7i -0.5 °

ei = 0.00873 - Concluded
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TABLEVI .- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINTO
ATMOSPHEREOFEARTH_Vi = 1.02, _a = -0.06, zi = _i×lO -6, _r = 900

(a) 7i = -2.0 °, ei : 0.05337
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TABLEVI.- VALUESOF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.02, _a = -0.06, Zi = _i×lO -6, _r = 900 - Continued

(b) 7i = -3.0 ° , ei = 0.06608
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TABLE VI .- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.02, u--a = -0.06, Zi = _iNlO -6, Dr = 900 - Continued
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TABLE VI.- VALUES OF Z FUNCTION ANDRELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH] V i = 1.02, _a = -0.06, Zi = ViXiO -6, Dr = 900 - Continued
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TABLE VI.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.02_ ua = -0.06; Zi = _i×10 -6, Dr = 900 - Concluded
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TABLE VII.- VALUES 0r Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; V i = 1.02, _a = 0.06, Zi = _i×lO -6, Dr = 900

(a) 7i = 2.0 °, ei = 0.05337
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TABLE VII .- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.02, u--a = 0.06, Z i = _iXlO -6, _Sr = 900 - Continued

(b) 7i :-3.0 °, ei : 0.06608
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99,5 •123_8 .o_ 2, _'_

loi. 2 .1_55o . o_' ,' 3, "

lOa.9 .13oo2 .o133,# _._

lO6.8 i_8 .o13', _4 >.,
109. _ ,13hiT .0137 _ 6. _i

109.8 •13581 .o13_e ' 7, rr_

iii.i •137_5 .01_{ iL 8•vf:

I13.2 ,15_9T0 .01_ ( ll,_?J

ii_.2 ,1_076 .oi*, vm. 12. _:'

115,I .i_175 .oi_. i3.1_re

,1z,352 .ol_< i_._23
.145_ .OI_L 18.23_

•i_6_8 .014,,_ _o. r,;

•14775 .o15:,_: 23,zg&

.15ooo .o15_ ! 2_JH;

•151c_ .Ol)t_. ` 51.5]_
.15197 .015_: _ 3h.kbJ

128.2 .15U55 .o15 _ _3.9[_,

]30.2 .i_I0 .0159: ; 5o,_ a
131.1 •15683 .016_ 5h. '];

]33;0 •15_3 .oi_i ;_, _.751

i_.0 •15_91 ,o162_ ' 67. G_3

135.0 .15957 .016 ;._ 71._52

1)5.0 .16_ .(]I6L [ 76._5

137.0 .16085 .016_4 81J ],-

]_fl.l .161_8 .0165 ,_ 67.o69

i_0. 3 .16_7_ .016"', _. ;;q

1_1.5 •16333 .016 •7]- io5. _H_

lhh. O .16h55 .01692 ! 121, _

lhS.h .i_516 .017,., 129.737
]_.@ .16578 .017<_ 159.4_ 3

lh_. h .166_I . o17 t_ i_o. i_,'
15o. 1 .1670_ .017_ '_ It_..q

15h. 0 .16836 .017 l,_) 19@. :_ !,
156.3 .16905 .O]T _'_ _io. ,.

158.8 .16976 .o17_ i _ _33._ F

169.7 ,17_l .018_ 3_8.2_

175.2 .173i9 .018 _z" _0. 9_

18_.6 .17_ .0i8b_9" 539.¸£¸O

193.3 .1757O .Ol_, '_ 769.(]

2C_. 9 .17655 .01_ ,: _.I:_ ¸

_1i,3 •17T56 .0i9_ :6 1357._ ¸¸

218.3 .178i8 .0196 _ 1663.3C

227.6 .17896 .C_Oil ', 2l_l.J,

_. 7 .iTg_ .C_Ce5 '5 2h_B• _

239._ .17986 .C_0-2_, 28a9. i

2_.9 .iSC6m ._':_ 5h78.9

270. i .i_I? .Calc7,£ 5O96•:

3_6.6 .15%85 .C_I/_ 8523.¸9

79
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(f)h -8'°°: , ei = 0.14481

i.c_oo o, 95c6 o. occoo:L

I.o205 O611 .coo<E_,

_._10 .9616 .ococ_,,

=._15 .9621 .ccoor _

c 32o .962< ,oooo_'-

i. _25 .9_3! , o_La8,

• o230 ,96_6 . OO037_+0
. _352 , _6_12 .OCe_7

1,6_25 ,9631 ,010660

i. _0 .96_26 ,013521

:.o210 ._-16 .018903

l,<,2OO .96O6 . ee_c5
• _LSO .95_ .0_852

.o£00 .9506 . o7_12

1.coco ,9_% .099,J3

._90o .9306 .1636o

• _OO . _ ,2083
•97oo .91O6 ,2525

,,_OO .9006 .296!

• 95oo - 89O6 .539_

•v_O0 .85O6 ,_21

•9300 .8706 , hL21_
._00 .86O6 ,_%2

.910_ .85O6 ,5071

.�O0o .e_¢6 .5_S6

•8800 ,fi2o6 .629@

•B6oo .80O6 ,7c6o
.Shoo .."8O6 .7850

• _.oo .76o6 .86_
. _OOO .74O6 .9_36

7600 .7_ L.07_6

.Tso0 .66O6 ±. _77

,7OOO .61.O6 1, an2

.66C_ .60_6 I.5919

.64OO ._8O6 L _89

• 62oo .56o6 !. 5037
.6000 .5_07 .9_62

.58OO ,5207 .6O6_

.5600 .5007 .65_1

•5boo ._807 _.6993

•5200 .14607 i.7%19

.&BOO ._207 1.819_

• _C¢ ,hOOT i.BS_o

.4_C_ .3_07 1.8858

• 5800 .2_08 Lg_l
• _600 .3006 t. 9843

• 3_DO ,2609 2. Olbl

.3ooo .2_09 .'. _eT9

• _800 .2210 2. 0373
•26,oo ,_oxo 2.0_50

• _0 .1511 2, 0515
• 2200 .1612. 2. 0586

,2000 . I_I_ 2.0685

1800 ,_16 2.08_

N,OO .Ga_5 2. I565

.1200 .063_ _. 3307

]_OO ,C4_8 ;. a7_l

c',_O .0378 !. o29o

•F,_OO .03O8 3,669O

o_50 .0e7& _,. 199_

_hso . a223 5.5_12

twiG0 . _5 6, 2'_7

, o,mo . oz83 7, _T_

.06!0 .0110 i%3_0

I
8. OOO S._'/ O. OOOn o. ooc9 o

7.983 8. _b'. ._o_: .ooi_ .ooo_

7.965 _. _ . ooe._ . oc_ 3 . oooT
7.9_7 8.a_: ,0C_5 .OO3T .oot

7.929 8.4S1 .oo1_ .0C61 ._
7.9O9 8. _,ou .ocl .oloo . o_>,_

7.687 S _77 .OlC_ ,0171 . oo',,,

7.8_9 8.3V .O65 0_3_ ._c_

7.82_ 8.310 .k_ ,0768 ,o_

7,817 8._0_ .29o ,09L_ .O_3t

7.812 8,_ .368 .1,:_6 .0_,"
7- 8O5 8, ;po • 5t4 .1210 .o_r: '

7.500 8._ .6,_3 .I_61 .O6'L

7.786 8.2_ i. 3C'9 .1908 .0928

7.778 B,z 1.9_ .22___ .ii_

7.774 8. t_ 2._ ._C4 .13c_

7.769 8,2_5 3. T_ .30_3 .z_

7. 767 8, 267 _. 29 .3276 . I7<r

7. 766 8. _70 5. _o •3697 . i_22

7,765 8.2_5 &._7 ,_. .2t_
7.766 8.2F 7.51 ,4o_7 .22_q

7.767 8.2_a 8,5_ . _"22 .2&[.]

7.768 8.2', 9._ .a353 .25_
7. 770 8, 3:,;, to. _8 .4457 .27"_0

7.773 8.3:!; n._6 -_537 .28_
7. 776 B. 3.- _ l_. Ii . _596 _ _ 4

7.779 8 -q_ _.9_ ._637 .305

7.785 8.3:;_ 14._ ._67_ .328i

7- 793 & 575 13.83 .b656 .3_ ,r'

7,80e 8._ 17.0_ .4596 ,_657
7, 511 8. _:_ 18.21 ._5CC .37[,2

7. B22 8, _+ i% 2o .h3s8 .3"9_

7. t_5 8,515 20.8,9 ._089 41qi

v.S_9 8.5.<. _1.45 .3917 ._-3c_

7.87_ 8.5 _ 2!._6 .373_ ._1_

7.81_ 8.6P< 22.3,5 .35_3 .&511

7,_ 3 8,7L_ 22.82 ,31_7 ._4_q

7. 9 _2 8. 7< ± 22.90 . Z9_5 . _T _,
7. q64 8.81_ _.87 .27_& ._44

7.986 8.87o _.7_ .25_5 .491_

8. Oll 8._32 22.52 .23h9 ._Y;9

8.039 8,999 2_._I .2157 .50_c

8.868 9. c'f 21.81 .1970 .5o9'

8.101 9.15 21,35 .1789 ,514)

8,137 9-2 h 20. 76 .1616 ,5195

8,177 9,5_. 2o.I_ .14_0 .52_3

8.2T2 9.5' ig. g_ .II_ 3 .537_

8. 328 9- 7] ! 7- 80 ,lOC_ .635_

8.392 9.8:: 16.90 .O872 ,535:'

8, '_ lo. ¢, 15.95 .0750 • 5_'
8.5_8 t0,2 1:,96 .O659 5_<

8._& !U. 49 13.93 .0537 ,5h7_
8.758 zo. 77 12. 86 ,04_6 ,5_5'

9.05 II. 50 lO. 66 .(_I .55,q

9._5 i£.0o 9.55 .o_8 ._5_';

9._9 _.63 8.41 .0174 ,5_'
9,80 13.44 7.29 .O)2.8 .557 a

10.20 14.5] 6.20 .oo91 .5_

10.73 US, o; 5,1_ ,C061 .559

11._7 18.19 _.13 .o039 .55-'.,_J

12.52 21. 59 3.19 . o_ . %(:,',
I$.09 27,3_ 2,35 .C_II ._

16.50 }8,37 1.68o .OO_ .95:_

IB.O_ $7._b 1.$_5 .OOO3 .56_

19.31 75.32 1.235 .0001 .561_

16.79 78.7: l._-_O .OOOl ._51:_
17,9 h 82.1_ 1.190 .0_I ._61_

16,53 85.7,_ 1.165 ,C_DI ._61_

13.72 89.10 i,IO5 .oooo ._61 '.

i0.3_ 89.9_ 1.0_0 .80OO ._6!5

c o o.OO1O65 o.ooo6.] .oo7_ .ooo

12.2 olsao .oo_132 .coo

31._ ,03_60 .o05394 ._

50.2 , O6205 ._0_34 .O7O

57, t .07132 .009916 ._I

59.9 ,O7&! 3 .OlO3_ .313

61. i .07606 .010567 ._97

63. _ .07679 . O109uO .5_6

65,_ ,_075 .011209 .707,

69.5 .086h8 .01199h l.h3_

7"2.5 .0_975 .012 _40 2. z_

7< _ . o9_ .012755 2.8_
7_-9 .09386 .013OO_ _.5_

77.1 * 09533 ,01320_ _, 252

7& 2 . o_658 .013372 < 957

79.9 .09863 .01)65_ 6.376
81.3 .i0_ .Ol]STr ?.B_

82.5 .10166 ,01 _O66 )._5_

83.5 .1_B6 .01_o9 io. 'P.5

84. h . i0391 .01_372 !2.193

85.3 .10485 .01_50l _ 3.689

86.0 .I0571 .01_617 ;5, k_

86.7 . IO6_ 9 .01472_ ]6.73 h

87. _ . IOT_I .Olb_ ]8. 286

_. 6 .10851 .015000 2 l,h_9

89.7 .10965 . o:1.5156 2< 6_e

99. 7 . IIO6_ .015_97 28, O_c_

91,6 ,111_2 ,015_, 31. _72

_2.5 . lle_ .0155_ 35. OlO

93.3 .11328 .01565_ 58. 655

9A. I .ll_03 .015757 _. _iT

95- 7 .115_i ,0159_ 7 50. 320

.96.. L .:160_ .016035 _. _T'9

97.1 .11665 .016120 58. 791

9% 9 .llT_h .0162_ _ 3,266

_. 6 ,11781 .016280 !7. 918

99.3 ,11835 .016357 _. 761

ic_. c . l_J_9 ,016_31 77. 8n

lOl. 5 .11991 .016576 88.610

I0_.2 .if_l .0166b_ 94. _0_

!o3, c . L2_90 .o16716 ZOO. _97

103._ i121_ *016785 106,9150

I0_.6 .121_6 ,o16553 I13. _l

i_.4 .12233 .016,921 120•91_

106.3 .I_'_8o .o=_699o 128. _81

_07. 2 .1232": . _7O68 __. 773

I0_• 1 .12375 .017127 i&5.

109.1 .i_ .017198 155.0_

110.2 .1_470 .017269 165, 357

ill 3 ,12518 .017342 i','6.6il

IL% 6 .1_'_47 .017_18 i69. OOT

113.9 .L961_ .017496 _02. 79

llS. A .12670 .017h _ 219.29

I17. I .127_3 .OI7_ _4 235, _6

1IS, 9 .12779 .01_f7 2!6. _A

121.1 .12_8 .01765 v 2_0. 71

126.6 .12970 .018o95 _L_" 6_

i3o. 3 .130_6 .0182,',_ 3_7.35

135.1 .1313_ .018,2_ -,, 8. 5_,

151.9 .13%5 .019_4 '_02._.

159. 3 .13_A_7 ._19279 1009.67

169.6 ,135_48 ,Ol_,P3 1375.88

18,6. o .1)588 .e_o123 2_7.

.13729 . _em 2 _,-_4.7

. I_OO9 .o_zo6,c 5i,%. 5

191. 0

197.6

2o?. 3

228. :w

264.8

8O



TABLEVII.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINT0
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(g) 7i :-i0.0 °, ei= 0.17815

• ,_ o.961o

L !O9 .9615

._uo .9620

:• ,u., .9625

. _o .9_30

. _5 .9635

._'30 .9£_+o

. 37 .964_

• P_ .9639

.: '2o .9629

L _.J .9609
• LSO .9559

., _00 ,95O9

!. _5o .9a_9
.: ._...3 .9:09

.,_?o .9359

. ,_. .93O9
• *&aO .92.09

.%'0C .91o9
• _oc .9oo9,

• J:iO_ .8909

.8,_0 .8809

._$oc .Wo¢

.�Lco .85a9,

.)aou •8_o9

,%'o .8_O9

_,_r,o 80o¢

',co ,78O9
• co •76c9

• a:x:o •%c9

, '_03_ ,2"2 I0

. ,,_ •7olo

, LC6 .681o

• ,6610

• .6_I0

L_9_ .6_I0

.,6_ ._olo

., _oc • 581o

., _oo ,561o

., ,9.7_ . %1o

.' 1o0 ,5_1o

. 6o0 .5oio

.' _,_ .L81o
• !oo . I=610

, :.ae ._1o

• ,,,(m_ . _olo

. ,m,_ .381o

• ;)co ,32H
. :;,_oo .3Oll

, ;!oo .2612

• ;too .2l_12

.'800 ,22]2

.Z6C_ .201_

.2_ .1813

. ::_C'3 .i6i_
,;ooo .llq6

._c_ .1217

• >,00 .Ic_o
. _00 .O825

• :aoo . o*,5_l

• 9°0 .o373
• 3O0 .o3o3

• ;750 . ce7o

• 7oo .c_37

,:680 .02_I

,,660 .020_
. ,:6_0 .0z82

• ,36_o .01_7

•,610 .0110

,.ocoom, to. _oo I0.6 o. oec< 9.00O9

,ccooce_ _ 986 Io.6,. .oom .c,_I_ .OOC_

.occem _ 9,9Ce io._? ,ozc[ ,oc_,3 ._xxc

.ooool7 _ 9.958 Io S', .ram .oo37 ._1_

-ocoo_7 9,9_3 1o.5' " .eel- .co6l .oe_:

•000:27: 9 _'_28 10.5._ .eva3'. .olc_ .o0%_
.0C03_1 : ', 9.911 lO. 5 .CCgl .0168 .0_:

.O:_l_S _ %890 1o. 5 .o3s:

.oc_995 %876 lo._ .c619

.0C5766 _ 86_ I0._7 .15n ¸

.OlCa.3C¸ _ _% I0._' .28_

.Ol_.a2 q BII_ I0._ ¸ ._5

•c9452 _ 8_ I0._ .667

.03o98 9•B35 IO-_ ¸¸. .8_i

.c6172 9._ I0. _¸¸¸ :.667

.:2o63 9.BI; _o._ 3.22

.1_9_1 9.BO8 i0._ 3.97

.:781h 9.5O5 10._: _.70

.2o66 9.8o3 Io._ :: 5 _2

._6a8 9.799 I0._ i _.82

.318_ 9.79_ I0._, _: 8.:7

•3733 9.794 Io._ ¸¸, 9._7

._276 9.792 10._'; _ lO.7_

._8:_ 9.?9] io._': :1.92

.53_5 9.79o io._, 13.c_

.5871 9.789 I0._ _¸ I_.:9

.6391 9.789 io._' 15._5

.69o5 9.78_ Io._ :6.28

.7917 9.788 1o.a,_¸, 18.19

.890_ 9.788 1o.7: _ _9.9_-

.9866 9.788 IO.SY. 21.u9

_.O8O5 9.789 1o.557 _9.89

.172o 9.79o Io.5_9 2_.]3

J._31_ 9.796 Io.6% 26.9O

_.5122 9.798 _o.6_ _7.>3

.5_os _ 8oi io.7±_ 28.oo

_._6_I 9.805 i0.7 t-q _8.3_

;.7387 9.8o5 Io.783 28.5_

J.8o8_ 9.81_ _o.&:::? p£._:

_.8751 9.819 _o.8_, 2_•55

:.9%87 9.825 _O.9O9 P8.37

:.999o 9.831 lo.9_:q 28.o£

.o561 9•B39 _1.o_ _7.65

_.I_99 _ B58 ll.:_ 26.a8

;_.2065 9.870 11•2t _5.75

;_.2a9_ 9.883 I:._ _.9_

:.288h 9.898 ll.3, ' _.00

'.3235 9.91_ I]._7 23.OO

_.35_7 3.938 lZ _ 21.5"2

:_.3817 9 _62 11.71 _0.78

,._a 9.99e ]:.8_ _9.57

2. _228 10. ce8 1_. C. 18.3o

._36 T io.o7: ]2.2: 16.99

_._514 lO.189 12.Tt i_._5

,.452_ io.27o :3.o_ 12.86

?._490 I0.375 13._5 ]1._5

.._ io _11 :3.97 _c._

'._3Y. IO.691 t_.65 8.6_

:._242 ZO.93B 15.55 7.29

_._183 ]]._8 16._. 7.9'¢

2._233 11.79 18.6 ¸_ _.73

:_._550 12.56 _:.7 3.58

:.S_.26 13.81 _.9 2.56

:'.8325 ]%91 _.2 1.750

3.IZ_88 17.39 t_.O_ i._63

3.7722 18.88 S8 7,• i.290

'_._9 19.30 6&._, 1.21_8

5.O9*,6 19. C5 T_.8' 1.222

;.599_ 18.60 78._' :.21o

6.3!tin z?.Si 81.9' 1.192

'.3o9o 16._5 BS.E_ _.±61

_ _.5_5_ :3.7o 89.( ¸¸_ l.lC_

L '.3_t.6 10.38 89.9? :.O3O

.o3z9 .Ol1

. ,r_73 0@5;

• O�C_ .03_
.a178 .Ohh,

• 1380 .05_ ',

.I5_6 .O59:

.215 _, .O8?:,

.2591 .t01,

.2932 .i_ ¸¸•

.921 ,12.9_

.3_59 .1_1C

._85 .15_ ¸

._,ea 5 .171_

.k56o .2o_;

.1,7_5 ._18,

. _89"2 .2_,,

.FO08 .o_:,

• 5c98 ._Sg :
• 5_63 .26_,

.52_7 .29,2,
• 52_8 • 3O9

_o58 • 3_'

._586 .37_'

._185 .395;

.3969 ._c_,

WU8 .hH

.3523 ._i: ,"

.3296 _2_:_

._O9 ._5c

• 1997 * _55 '_

.1h_9 .h7_

• 1271 ./.7_

.Ca_58 ._l

• 0833 ._ea ,,

, o-roB ._,

• o595 uSc_

•OhOl • b95

• o32o . _*%,

• o19 ° _q7
,moo .ug_

•C_266 .5o(

J'_l .5o(

.e*_3 .5o19

•_ sc_ h

.oooz •_c_±

.oooz .>c_:

-9- ---_

o
. 9 .O060t_ .oolo6_

9.9 .olpzo .ocel3z
:_.8 .o182o .oe_
19.8 cmh_% ,00_2_'

2h. 9 ,oSee3 .005382

3c. 3 . O3Ta5 , oc65_0

_1.2 .O5073 . G',8690
4_,£ .O5_91 .oo9618

_7,7 .05871 .olce77

_o,5 .06213 .olo872

53,h .06569 ,Ollh�O

57.o . o7oi> .oI_261

59-1 .o7_7o ,012703

60.6 .W_51 .o13o17

81.8 . O7592 ,ca2_61

62.8 .O77O8 .oi3_61

63.E , o7807 i01_631

6_. 9 , o?968 .011910

66.0 o_cq8 .011_135
_7.0 . ce2o7 ,ol_3m 3

67,8 ,o83oi ,Olhh86

68.5 .08._:_ ,01_623

69._

69.8

7o.9

71.8
7_.7

73-

74.2

).oco
.oce

.ooo

.c_a

.oo_

.Oil

.018

.o_

• z69
.3ce

.5_3

.7_o

.Sii
,8214

',T15
_,601

,_, ;59

_.8k7
.666

: t,5oh

,.3_3

08S26 .o1_873 _ ,.l_h

c_ssa8 .0_980 _. c'&8

•ea6_5 .o/5O78 2 _ o1_

• o87a7 .o15_55 2_. 9B_
. ca838 .o15_ii _.o55

.0@919 .015551 ,%235

•_993 .o15699 !L53/'

71_,9 o%o61 .o15797 ]. L�h9

75.6 •O�I_s .0159C6 4_ h97

76.2 0_38h .016009 '1 18h

7_.R .C_P&O .018105 '_.O17

f'f•h • O9983 • Olb197 _ _.o08

7S. o . c93aa .01628_ , L 166

78.6 .c939_ . m6368 :L5o3

79,2 .O9_]9 . DIGht9 ,•L 033

79,8 . O_,h_ .016727 [,'4,770
8O R .O9528 . m66C_ +o.73]

8o q .C957o .g16676 _h.933

81.5 .o9612 •o167/,7 : L: _, 3._

d2.7 o_5<r2 ,016867 :17.2oT

83,3 .O973_ .Olo955 :,=_.6O9
83 q .O�Wo . o17c_2 _32,3_

_.6 .09808 .0170_9 _'3, 585

85.3 .098_6 .017135 1,49.2_6

8.%0 ._88b .0172_ 8 _26
86.7 .O9992 .o1728_ :_A 103

87.5 .O9960 .017355 78,625

88.3 . o9999 . o17_2e :89,820

89.2 . IOO37 . o17h91 201 90

,,m._ .lCOW .017951 21%01

91•i ._Oli7 .o17633 229•3_

9'2._ .10158 .O177O7 2_5,1_

93, _ .io_oi .o17781, :_t_. 73
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TABLE VIII .- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INT0

A_MOSPHERE OF EARTH] _i = 1.04, _a = -0.06, Z i = _iXl0 -e, _r = 900
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TABLEVIII.- VALUES0F_ Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINT0
ATMOSPHEREOFEARTH;_i = 1.04, _a = -0.06, Zi = _i×10-6, _r = 900 - Continued
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. h00 .1985 .7319 ]§.2_ 10.6 6.18 .O179 1.169 2Ki.5 .26313 .O17_3_ '.830

• 2U_ •178] .7056 17.55 11•'6 _.g_ ,{nN 1.171 ' 2_h.5 •26357 •t.17_62 _ .'_00

. _ .157_ .67O4 20.86 13._ a.99 .o1_I 1,17=2, 247.8 ,26399 .o17_o_ .I_

• _oo .I_71 .64_6 23. D9 13. })_ _.68 .oo_ 5 l.ly._ 2_9.7 ._6_19 .£_17589 1,._i
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TABLE VIII.- VALUES OF Z FUNCTi0NANDRELATED QUANTITIES FORBALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.04, u--a = -0.06, Z i = _i×10 -6, _r = 900 - Continued
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._cm .o9_9 _ 5o•_'9 19,'I 3.50 .co_ .73__+4 i3<6 . t_TO7 . o1_335 ,,e< 1,5

. _380 . O68O .55Ol 53- 65 ac, 3 3. _ . coaS .78:+ 13_._ .1,_'r89 . oze%'- _2<

.o3_o .o794 .51O7 65.9@ ;.7.3 _-_ . oD'go . _#_ i" 137.9 .1'1795 .018457 ,<'_. 5o

.031o .O7",;+ ,515_ 7&7o _3._ 2,% .oo17 .7_L 13_,? .12797 .018917 ,'_.61

._96 ,O5T5 5!96 88.76 2_.c: 2.67 .ooi_ ._85 , I_.! I_ .oi_61_ t_
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TABI_ Vlll.- VALUES OF Z FUNCTIONANDRELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.04, _a = -0.06, Zi = _iXlO "6, Dr = 900 - Concluded

(f) 7 i = -i0.0 °, ei = 0.19134

I 'I I " Ig

i,c_oo _.cvT_ ,.oe0oozc _,coo Q _ o._o_ ,.oat_ o _, , o ,__.o_o_ i._ ocooo_ _._r_ 9._3, .cooi ._ ._oo_ o_1. .oo1: _i
!.c_1o 1. zoo'2 (x)oo07Y 9.9_3 9. _c-+ .oc_ .00_ .co_ 10. 3 0_2 .cclH
i.0_15 1,I_7 oooo217 9.91_ 9.3Y' .0008 . co51 .oo1_ 15.5 019'_6 .OO3 _,,

i,042_ 1.1012 0000615 9.885 9.3 &, ,0021 .0103 .003_ I_0,5 0_.9609 .0C%, . ,
h 0/425 1.1017 0c_ibll 9.853 9.31 .0061 .0176 •-r_-I 35,3 03299 -_5' -

I.O_30 i. ]c_p Cco515_ 9- 817 9-_ .o219 ,o3_ .o111 32. 6 .0_C83 ._ .,!'

i.c_3_7 L 1c_a5 ooe2!5 9. 779 9- 2E, ._ .0618 .0226 39• l .0J_906 COB'

1. P_30 1.1022 _----_h_ '_. _52 9.2_ .19O7 .0967 .035_ _3.7 . C_38 .009 i' i

i."_;2_ 1, lO12 011669 9.730 9._o5 ._ql ,I_13 .o5_8 :G.7 o_5_2 ,OlI_., j .

i.o_Io i. lOO2 .0i7032 9.72o 9.19 .594 .1703 .8639 _9.6 (15222 .OlC_; .

i•ol_c_ !.O5_2 02213 9•713 9.18 •(li .1937 .o73c 51.o •_398 .Oli ]i "._ !

i.o_9o I.0942 .o,as_ 9.696 9._ I._C6 •;769 .I05C 54.8 ._3_5_0 ,011,. ,i l.-_

t. 03oo 1. c_2 . o_950 9.6U9 9.15 2. _o .33_5 . i_cl 57. o . O71_8 . Ole. a.

1._.5o 1._,2 .o9_33 9.e,_ 9.r, 3.].8 ._8_5 . :_.o_ 58.5 ,o733_ .0_, :
1.O2OO i.O792 .11_9 o 9-_5 _,i_ 3.?I_ ._19 .167 _ 59.7 o7_3e .01_, _['

2. o150 i,O7_2 1,_725 9.686 9.]k," a•68 ._5._ ,!831 _0,7 O7601 •013] ; -,. ,

i•oloo i,O592 .159_.2 9.687 9.1_, %_.1 .t1856 .197: 61.5 07702 .el3 -, _.,

1. cc_o _, O5I_2 .1BlZl2 9.6_9 9.11_ 6.13 ,5t_11 ,21o' 6#.2 0"/789 . O1_4'._ 3. ,-_
l eooo i.o592 2o33 9.691 9.1 _ 6.8a s358 ._-d 62._ o7866 . ol)cl,__ 6.<,_

.995o i.o5_.2 .2"25o 9•69h 9.1_, 7.5_ ,5571 .23&- 63•_ o7935 .oi3, _,. ,'

.99e0 1,c4,.92 .21a55 9.69g _ 1_ t_._ .57153 .24_ 63,9 .0T99_ ,o13;, ¢..,'1

.9800 1.0392 ,2P,92 9.705 _.t_ 9. N5 .6097 .265! 6_. 9 C_IC9 .Ol_, _. '

• 97OO 1. o2"92 3311, 9•711. 9.1_ 1o, 86 .6372 . :7_ 6_.7 C_20_ .01_, : ie•. ,
.q6OO I.0192 3751 9.723 9.1; 12•I[ .66OO .3013 66.& C_287 .Olh II•'

.95OO i.OO92 ._*I_2 9.73 I* 9.15 t3. {2 .6767 .517_ 67. O .08_2 .Ol_:, 13. C, 1

•91.00 .5_95"2 a51'9 9.Y'_* 9.16_ i_, 1.9 ,69&O ,3Y!_ 67.6 .08_9 .O1_'F5 l_.

.93OO .98_'2 _990 _ 756 9.1EY !5.63 .7O52 ,345_ 68.2 .O8491 .O11.__ 15. _ :

.92OO •9t'_92 5347 9.768 9.17 16•72 .{157 .3_9; 68-7 ,083_ .Dlk : 17.'

.918o .9692 5735 9. TdO 9. iq i7•F¢ .7Ei_9 .3TI_ 69.2 ,O_SOO .Olh l_.q
9O"oO .9592 612 I* 9.793 9,1_ 18.7 s . ?,;_.O .._IN 69.6 ._5_9 .o1_,*+ eo.._

.98oo .9392 68_1 9.820 9,1_' 20.69 .73,_'_6 ._061 70. 5 Ct_739 oi% , 2_ r_23. ,; ,
,N5_13 o9192 _7618 9._50 9.2] 22.43 .731_9 .1*21_ 71.2 O81_19 •0i5 ,..

.Sh00 ,8_2 .8333 9.881 9.2_ 2_*. 0_ . .m2_l .1_5 71.9 .0_891 .015, 29.75_

.82oe .8792 .9cc'5 2.91_ 9. 2_I 25,52 .71k_ ,k452 72.6 .c6957 •o151i 31o2_

.8cOO ,,559-2 'o6q8 9.9_9 _, 2' _._¢_ .65_3 .'.79 T3.2 .O9018 oPq . _.366

• _oo .8392 i.O3/*7 9._7 9. _" 28. _ .6_06 ._9 _ 73. g .o9o75 .015: : .795

.760O .8192 io973 lO, C_ 7 9•2 _ 29. O5 jx_O 5 .)o8 F_..1. ,O_IZ_9 ,o15 .31q

17_N) .7_91 ;iST) :0.O59 9.35f 29.97 .6383 .321 7,,5, .o9179 .Ol. _ 4.927
• 728o .?791 ;.21>_ IO. llg 9. 32 30. 7_ •61_5 - ,_3_ 75. 5 .C921_5 . o15 ..... .6_-#

• ,7C_ .7591 I .27_ I Oi16_ 9. _ ! 31• _ •5894 •5_ I, 76.0 .09272 •O16 : T ',_59

,6_OO /[391 1.3235 1C. 252 9._c: ]l _0 ,_6_5 .556k 76._ ,O9_15 .0161 , ._91

.66OO ,7191 .3737 10.266 91_O _,a_j •5365 •567; TLO .09356 .O18L ' .a_l

.61.00 .699! :.a_ 10. 32u o ,w _.56 .5o92 ,576' %.6 .o93£6 .O1_ : '.619

.62OO .6791 :.4659 10. 386 9.'¢ 32,71 •_16 ,S&q: 76.1 .091_3_ .o!l__ 5,5 _-•931

.60OO .8591 1.50T¢ I o._.52 9.5_. 32.75 ._5Y2 .59 &[ 78.6 .09_.71 ,oi_b;.;, 7';.N37

._ ,6391 :,5k66 10. 52_ 9.5' 32.67 • bL_52 .6_7 7_9.1 ,o'_5o_ ,0161_6_ ,99"i"

• S&oo .6191 ,582_ 18.6OO 9.5" 51._ .39&B .610; 79.6 .o954i .o165 a8 ,-773

_o_ .5991 :.6191 10, 6_ 9.6, 32.2o .$Vlo .6z7 ao. 1 . _57'_ . Cl6_ll .71_5
•52oo .5791 :.6_I_ to. 77_ 9.e 31. el .3a_3 .621_ 80. 6 .o96o7 .016673 ..870

•5oc0 .559o _.670_ 10•86_ 9.7 H 31.32 .3193 .63 o 81.1 .09539 .01673_ >-.221

. _8oo ,5390 1. 6927 to. 97 9, 7t, 30.7_ .29_1 ,636, 81.6 .09_70 , ot679_ , 796

• _ ,51919 3.711_ 11,£_9 9.81 50.07 ,_97 ,5_ g2.2 .O9701 .o1685 b. ,6:_

•_oo ._ .7_,_ ll._l _.8 29.31 .2k61 .E47 o2. r .O5731 ,o16913 i ,65_

•,,2oe ._79e .7370 11.35 9-19 28. _5 .223} .652 83.3 .09760 ,01697). 1 ..074

.,_ooo .q59o ,7_3_ 11.51 Io•o: 27.54 .2o18 .65_ 83.9 .O�TS9 •017030 : o.769

• _ .h3_9 .7_57 _1.6/4 io. _, L_5.55 .1813 .661; _U• 5 ,o9"317 .017o68 '.819

._oo ,1.1S9 .7_3e 11.e7 1o.1, 25._9 .161_ .665 85.1 .09_1.5 .o171u7 i_ _.263

• 3_OO .3989 .T357 12._ 10.2 2_.37 .14_/_ .66E 85.8 .09873 .oi#05 :', _.I_T
,32OO ,3788 : • 7_&_ 12. 32 io. 31 23,18 .1262 .679 86.5 . o99oo . oiT'265 ";,, :. 526

.3OOO ,358_ .7ogT 12.60 i0.5 21.9_ ,ilOl ,cT5 87.2 .O9928 .o1732_ i:uL

.2800 , 33_ :. e_c4 12.92. 10,6 20.65 . 0_52 .6 7T , _B. O . 0995_ ,017_5 : _,c'N7

.c6OO .3187 ] .6_99 13.29 103Ji i9.31 , .o_15 .6811 88.8 .095_1 , Ol 7_,_.7 i ,a. 359

.2&OG .29_6 1.6121. 15.7J ll.O, 17.97 .O5_0 .6851 $59.7 ,IC_O 7 .o17'3,11 ;'':..35

.22CO ._--'78_5 1.5675 l&. _6 Il. 2; 16• 58 .o577 .68_ 90.7 ,1003 h .017576 2 _.75

, ooo .25_ 5 i • 511-> 11.._9 11. _ ,, 15•i/5 .o&75 .687 91._ .I0O5o .o176_k , 'i'.i _

_oo ,2383 :•4525 15_68 II.7 ;_ 13.75 ,0385 ,_B(., 9_.9 •!oc_ 5 .017714 ,_L08

1600 ,2182 1• 38o5 16• 69 12• it 12, _2 .0305 .691 94.2 .lOlll .Oi_ Z J. S_

I*(30 .19T9 1,2972 16,oo 12•6 1C.89 .o2_ .691' 95.6 •10137 •o17"868 ZT'.97

• ='O2 .1776 .2010 19._9 13.2, 9._7 .o1_ .691 97.3 .IO162 •017953 _(x)•_.

;.%00 .1572 :.0896 22.37 l_. Ci; 8. C_ .O1_ .69! S_9.3 ,1018,6 ,OISOM_ ;_ 8g

'A30 ,Ii_ 4•0274 2_.I_ I_152 7._ .oi07 .69[ !oo._ .I0196 .O18_00 :•?.11.6

,dOD .136_ .9601[' O5._o 15.1: 6,70 .oo88 .69_9 IOI, '_ ,1021o .o16159 _3,07

foo ,1_8 ._73 29.3_ 15._ 6. CQ ,oo 7 & .6q6_ lO3.1 ,I022_ .O1_216 c3•_6

.II_9 ,8068 33.5_ 16.7 5.5 z_ .0C'_6 .6r167 io_• 7 .10_35 ,O18284 .... _•I_o

. asc@ . lO35 .7237 39 73 17..c l*. 69 .00_2 .69" i o6.7 .10_hk .018363 , *. 22

_5o ,O975 .67_9 h4•18 _8.7, 4.30 .00_6 .6972 lO7.9 .I02_ 9 •o18#o 9 :52.62

,:_cc .O91_ .6333 50•23 19.'f 3-93 .oo_o .6yl"+ 109.3 ,1025k .O181_3 ,_74.95

,,_o .15_i .6151 53. _6 _o. l i 3- 77 ._ ,6975 Ii0. c .10256 .01_h88 4_ _,39

• 33150 , oe._l • 5973 57-1o 20. _ 3.60 . _ 60? il0, 7 ,10238 .018515 ",97, 7_

3AO ,OOlb . _foz_ 61.73 23-.h 3.43 ,oc_ 3 •6_rl 111.6 .I02_ 9 .Oi_&7 5_2. I#

.0779 .5657 67.82 _2•35 3.22 .oo_o .69'," II_.7 •!_i .o1_5_5 _ io. 37

:_u ,c756 , _!)C_ 71,82 22, _2 3.1o .oo18 .69" 113._ ,1_62 ,Ol@6iO ' _2•|h

3130 , cq'_8 • 55_'_ 77.o8 23•¢7 2.96 .oo17 .65c 111_. [ ,I_63 .018_h2 ':,7•63

_'95 ,071O .3588 80. 6 T 2h. : _ 2. $7 ,0016 ,6g," ll 1_.8 .10.-'_ 3 . o1_ 3 56_, 3_
, cr_, ._51 8_,oo _5. r:l 2.7_, .oeia ,69', ' li_ 7 ,lO_%u ,o1_ 58_.62
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TABLE iX.- VALUES OF Z FL_CTiONANDRELATED QUANTITIES FOR BALLISTIC ENTRY INT0

ATMOSPHERE OF EARTH; _i = 1.04, _a = 0.06, Zi = Vi×lO -6, Dr = 900

(a) 7i = -3.0 °, e i = 0.09685

L O_0O o. 9801

L :._05 .9806

t o!,15 .9816

L u_a5 ._ .0OI _29,

Lo_ao .98_0 .c(m385

I. 0_I0 .9810 .003916 .1087

LO_0O ._0_ .005298 .IL/_6

i,0350 .97_0 ,011h98 .317

L.025O .9650 .C_q78 I.841 L 9?.6 .6_I

i.0100 .9_00 .03875 L B01 L 91 i. 039

i.0050 .9_0 .024_ 1.796 1.91o 1.171

l.oc_ ._00 .05909 1.795 L9o9 I._I

.99_0 .9350 . O_al I. 795 L 910 i.

.99_0 .93_ .05931 1.797 1.913 1.355

._O0 .5_00 • O69_ 1.807 L_e_ 1.800

.97_ .glc_

• 95<)0 .90_ _08966 1.838 l._z _._7

-9_0O .8900 .09977 1.859 i._5 _,50

.9_00 .8800 .i_ 1,883 2.011 _,7_

• 930O ,S700 . i_008 1.909 2.0_z _'-93

.9"_00 .86c_ ,13o$1 1.937 2.07? _.i_

.9100 .85(]0 .I_O60 1.967 _. Ic,, 3.3_

•9000 .8400 .15097 1.999 _.lh2 3-5_

.B800 ._20O .17195 _. 067 2. 219 3.94

.86OO .8000 .1933O _.I_2 2._O2 h._

.B_0O .78OO .21 _I _.2";I 2. 392 _.67

.8_ .750O .2373 2.386 2._8 5.(3_

.800O .7_.0l ._60O 2.3_6 _.59o 5.3_

• 7800 .72oi .2832 2.4_ 2.698 5.55

• 7500 .7(331 .3570 2.5_ 2. 812 _. 94

.7_0 _6_01 .3313 _.6_ 2.932 6._I

.72OO .6601 .3563 _. 803 3. 058 6. _7

.7000 .6&Ol .38!8 2.91a 3.191 6.70

.6SOS .6._.01 .4079 3.09 3-332 6.9_

.6600 .6_I .h347 _.16_ 3.4@0 7.12

.6a0o ._501 ._903 3._ 3._0: 7,_4

• 60O0 ._ _01 .519e 3. 579. 3-9_ 7.57

.b_0o ._ ,709o _.63 5.3O 7.83

._60O .4C_ .7_,38 _.85 5._ 7,77

._aoe ._803 .7797 5.08 _.88 7.69

.4200 ._03 .8167 5.3_ 6._1 7.57

._00O .3_03 .8550 5-59 6.9_ 7._3

.980O ._ao_ ,_9_ 5.88 _.98 7,25

.3_oo .28O5 ._795 6.5_ T.9) 6.8O

,_.,0 .2&05 1.0251 6.91 8.50 6,_,q

.3000 ,_06 I. 0735 7.33 9-16 6.21

._60o ._207 !, t_5_ 7.80 9-9_ 5_B7

.2600 ,_0OB !. [81_ 8.33 10. 81 5.5_

.2_0O .1810 _. 2_3_ S. 93 _I. 89 5.o9

.2200 .161_ 1.3133 9.63 i).20 _.65

• 2O:¢ , i_i_ i. 39_6 1o. 45 1_.87 _. 18

,1800 .].218 i.q931 Ii._3 17.0_ _.69

.1600 ,i(_3 i.6189 l_.63 2O. CO 3.i_

.140(. .c@31 !,792_ I_.L2 _._6 2.6_

.i_ .06_5 _'. o_81 16.c_ 30.87 2.1_

.090O .0_9_ 2.9473 19.5 _, 50._0 I._95

. C_O0 * 031_ 3.6_ 5 20, 96 61.68 i. 359

.075o _0_80 4. i_I0 _0.33 68.38 1.308

.07r_ ._3 4.90_5 _9.63 75.85 1.259

._80 .02"_ _-._oc_ L9.o2 79._ 1,236

._60 ._eOT <_?4 t&c9 8_.39 z._

.C640 ,DIB 3 7. &!37 16.60 85.8h 1.168

• 0620 .01&7 io. 53oo L3.Th 89,12 I._08

.O6lO .olio ]% _584 io. 35 89.96 _._o

z .I - t
o, coooo_ c, 3.c_ $. l[_J o. oct, o.cco9 o c_ e o o.000_8 _._ _.C_D .COO1 .O01_ . 17, J ._C_ .COl!St

. o_e_8: 2,_ e.582 .0O63 ,01_3 ,O1B, 99.8 ,i_95 .oo6o_
_oo_6599 _.3o 3 2.$43 .o184 ,_39 .0337 I_.3 ,i_$ 9 .o_721!

2, i_0'5 2.3_r .o._7 .D351 .0_0 139.4 .177_q ,0(_4 L'7 D

2.056 2.193 ._07_3 . oct-l_c

1.9_! e. 0{'? .2_0O . olo_o_

1.871 1.9_7 ._5578 . olo6_o

.0579 .0917 163.0

.0572 .IC_* 17o. 4

.o9_ .1681 19o. 3
• 1181 .2 ].}._ 201.

.X 3_0 •_a70 _08.9 . _9 .Olll _-

•I_,?Z ._'_B2 215.0 .2"[3O6 .011 .:_

•166o .3319 _. 3 . _8_9 .011771

.1765 .35_ ¸ 2_.i .28922 .0n9_

.18_O .3778 _31._ .29332 .O1_0,.5

•1908 .39_6 23_._ ._97_ .o121_i

.196-.9 ._IB_ 237._ .3o098 .01_._

.2073 . _5_, _.I .3O632 .o12_-,_

._I_ ._I 246.5 .311_5 .01_1_

•_ .5_91 25o. 3 .3!_27 .o124o

.2330 ._7_5 _56.9 .3_366 •o130_

.2366 _997 259.8 _32699 .o13!_o

- _ -_33 _6_. 5 •330O5 .o132_

•_hl_ .6_57 _5_ 1 •332_9 •o13319

.2_ •6669 _67.5 .33553 .O15_!0

._38 .TO61 2'71.9 .3k030 .o1355o

.2408 .?_IT 275.8 •3_5_ .013736

._o_ .77_I a79.5 •3_34 .013880

.2311 .8310 eS6. Z .35_93 .01_1_5

._50 •856] _9.1 .3578e .01_9

._I05 .90O_ _9_. 6 .361_q .o'_45oi

._se3 .920! 297.2 .365_8 .01_6L_

._937 .9382 _99. T .36T_5 ._721

•18_7 .955O 3_. 1 .369_ .01_

.175_ -97_ > .371_0 .0_u93o

.1659 •98_ 308. 8 .373al .o15032

.1563 .99_0 3s9. 0 .37_93 .015133

.I_66 I._lee 3!1.2 .37656 .oI_33

• 1369 I._I_ 3!3. 3 •378_ .0153_5

,127_ 1.0317 315.5 .37_60 .015_ _

.1177 I. _1_ 317.6 .3810a .o1553o

• 1083 1. C500 319. 7 .3822S .oI_6_9

.0991 1. o_8o 3al. 8 .3B369 .o15728

.o9oe L0653 _3.9 .9_94 .01_

.0815 l• o719 326.0 .3_ .019928

•0732 i. 0784) 328.2 _733 .016030

,'<D'.-_
v

.ooo

.0oo

.c_z

.OOT

. o19

.o=I

• a_-9

• 153
• 333

.667

.829

.990
L 15!

i.317

1._73

1.635

L 797

3. 509

3.87_

_.635
5,_

5.862

6.68_

9. 750

lo. 89_

12.1:9
13. 43_

16, 3':_

17. 997
19.7_ r.

_3- 7:_

_5. 9(,0

_8.96

31. C_7

33. 907
_7. 057

4a. 312

_.508

53.158
-O65_ i. (]_35 330. ] . _846 .016133 _. 335
.0576 i. oe_ 332.5 .38_ .016238 6h. 12_

.0_0_ I. 09'29 33_- 8 .39063 .0163_ 70.'_A_:

.0_37 i. [_69 337.1 .39'.-68 .OI6&y 75.0i6

.037_ 1, ICe5 339. 5 .39270 .01657o B6,429

.0316 I.I03_ 3_2. 0 .39370 .0166_ 96. _05

. _e6_ i.is6_ 3_• 6 .39_a . o1681 _ 107. 54,'

.0216 L 1088 _67. & .39_455 .016940 120. 562

.o173 I.1109 350. 3 .39662 .01707_ 136. 311

.0135 i.11_7 353. 5 ,39?58 .017'222 155. _3

.010_ 1.11_2 357, o .39B5_ .o173"9 179. 089

.0075 i.1155 360• 9 .39952 .o1795P z'09,19

,c_5_ 1.1165 365.2 . _OO_'_ .o177_5 2_,8_

• 0O3_ i. 1173 37o. _ .40155 .0179_6 303. _

.Of_D i. I!__ 376.5 .A0266 ,018.?_27 _8_. 0q

.0011 !. I19_ _- 5 .40_a6 .018552 51_. 53

• 0005 I, 1186 _5- a . _-o_7 • 0_-8985 759. 98

,0C_ 1.1188 _4)3.0 ._0610 .019_71 9_. #+4

•_ I. I189 _13.2 .4_9 .019631 I_9.17

._ 1.119o _5o._ AI0O9 ._O674 3_75._

co00 i. 1191 _71.7 .41167 .C_IC5_9 50_. 1
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TABLE IX.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.04, _a = 0.06, Zi = _iXl0 -e, _r = 900 - Continued

(b) 7i = -4.0 °, ei = 0.10720

[ _ z _:_I ;_' _'=, _ [ _ _o_ -_ [ _ _
1. o_oo 0.98c o. ooooolo _.coo _,.2_5 c. o(mo 0.0009 o o a o o.o:¢

i. 0405 .98_ .c_ 3.9q9 _.169 .POOl .0o15 .0006 12.9 .01638 .00113_ . C_DQ

I. 0410 .981 _ .00000_ _.855 h.091 .OOC_ . ,.',_6 .0016 2t. ± .0331_' .0C_75 .

I.0415 .981. .OCOml9 3. 778 _.009 .00C6 • '_>%3 .O032 :__, ' .05039 .003_. .O0:

I. 04e0 .9821 .,:r_O63_ _.697 3.923 .COla .OO?_ .O062 5_-_ ,o6868 .OO_OB .c_
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TABLE IX.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY I}_0

ATMOSPHERE OF EARTH] Vi = 1.04, [a = 0.06, Z i = _i×10 -6, Dr = 900 - Continued
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TABLE IX.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH; _i = 1.04, _a = 0.06, Zi = _i×lO "6, _r = 900 - Continued
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9_. 5 .11972 .012016 !._3 _

97. 2 ,12310 .0123_ i.918

99.3 .i_5n .o_ eJ,oo

IOI, o ,12"_ 5 .012791 _,88_

i_. 5 . I_966 • o129_3 3. 365

103. 8 .13123 •o13113 3-85o

I(:9.9 .13387 .013_63 1..82_

106,9 ,135DO .o13 h71 5.315

lO8,6 .13700 _0136_I 6.30h
IiO, o ,1387@ ,01382_ 7• 303

112.5 .Ih159 .011.O97 9.336

113, 5 .1.1.2'8_ . o11._x_ _o, TC-
114,5 .11.391. ._1._21 Jl. hl9

115, h . I_h98 ,01h420 _2.

116, 3 . I_591. .01_511 13. 556

II7. i .11.f_B$ .o11._97 ] _.61'6

118.6 . 1_1.8 .011.755 i6.873

190, o . I_996 .0! h896 t9.165

121.3 .15130 . o13o_5 21.5_?

i_. 5 ._ 5_53 ,0151_ 23. 963

I_3.7 .15367 .015_55 _,. 1.79

I_1..8 .151.74 .015359 ;_9, o8o

I_5. _ .15574 .0151,.5.8 31, lq_

1L='_, 9 .15669 ,015551 3h, 56_
127. 9 .i_759 ,o156hi 37-1,58

I88.9 .158h6 .o157"27 .o.

129,9 .i59_8 .o19809 _3, 6C_

130. 9 .16OO8 .015890 =,6. 866

131.9 ,!6_5 .o15_68 50. _T_

132.8 ._6159 ioI6O=_ _,3,8_6

133- 8 . _6_31 .o16119 57, >87

"i_h. 8 • 16308 .o161_ _i. 517

135.8 .16371 .o16_6_ _ 5,65Y

L36,8 .!64_ .016336 70, OR7

13"[,8 .165o= .0161.07 {h.654

I_8. 9 ,16570 i0161.78 79.567

i_o. o ,1863h .01651.9 fl1,. 803

1_I. 1 , !66_ .016620 _0. _03

I_,_ ,16761 .o16691 _6.1.17

iI_.7 ,168_7 .O16837 ]09.9/'7

1146.O ,16950 .O_691_ 117. 630

147.4 .17ot 3 .o169_9 L?.6.070

ika_ 9 •17o77 • 017069 135• 1.16

150._, .171hl .017151 11._.860

156. 3 .17342 .OlTh_ 1_, _

158. 7 •17_13 .017531 205.3 _

161. ) •171_7 .01761.7 _27.83

161_.4 .17_5 .O17776 255.8,5

168, 0 .176_8 .0171923 2_. 19
17_. 4 .l']-f37 ,018097 _*I. 81

178.0 ,17837 ,018312 411..7_

185. 5 • 17952 ,018593 _3_- 12

!9_. ) .18091 -018993 P'5-

_Oh. O •18176 ,01_ 9 981.33

221.3 •18339 .O1985h !__,I._

_30. 7 •18_41_ .(_0135 21 _9.2

_35.7 .181.57 ,0@(_75 0426. 3

15_. o .18581 .0@O675 _ _6.9

273.2 .18738 ._11oo _7. o

311.9 ,19023 .o_!69_ F _O, 6
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TABLE IX.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
= --x -6

A_40SPHERE OF EARTH; _i = 1.04, _a 0.06, Z i = V i i0 , _r = 900 - Continued

• = -8.0 °
(e) 71 , e i = 0.16093

i._ .gbL ._XmC_8 : q65 _._sn .oooi .ooi5 ._

1._1o ,9_w . oooooTT ,._ 8._12 ._ .3_ .oooB

1.01,20 .n{-, , oL_l_ '.85_ 8._33 .00_7 .0073 .C_

1.o1_ ._r_- .15765 ',56_ _.o_o ,,_3 .3393 .176T

1.0C60 .9 i,_, .179z_3 r _,50 8,@9 ,.0 3572 .155_
i.oe_o .9_,c* .;oil <55_ 8,o__ _,3 _ ,373i . lCr#_

,995o ]_3_[ ...... 55 8,o__ ..... _73 -zo97

¢_oo ._, .3_98 r,Sh9 8.0'/0 _.3T A533 ,2_i

.95co .Sgc_ ._i09 _.5_9 8.056 x='9 ._5 .28_

._c_ ,_£_, .83_ r.576 8.156 iq.15 AT3g ,39ao

.5_00 .8_ i,3_i ,'.876 8J,16 :'.97

.6h_ ,_,:, i._6i6 f.7i_ 8,5_ 3.10

.6_00 .5_=, I,Si_ L735 8._61 <oi

._x_ s_± 1._625 r.TS8 _.617 _.83

.560o . St,,, 1.654_ LSl_ 8.7_ ',_1

,5_0:) ._<_ 1.8_,f,8 L8h3 8.819 .T7

._oo . _,, 1,87_ _,, o56 9._ : q._'_

._900 l,8969 _.115 9. h6 ,%fi3

,hooo .$_,_ ;.92_ <18;. 9.e; ',._

._oo ,31, : i ,9%_I _,_58 9,80 ib,_

.360_ .p_- i.9(_ %3_5 IO.Ol ,.78

,_?00 ,7_,.i _ 1.9893 8.556 10.53 <89

.18oc ._x. 8•."665 _.63 s._ ,,.c_

.i_(_ . r],; :, _,I_OT 12. _,8 21._ 5.I>

.z20e ._¢ s, 30_3 t<e_. 27.39 <33

.o750 .c_,, i_ IqlT ;.76 67.3_ _ _s .oo_ ,5_rao

. OF._.O .___, Io,55_T i3,72 89.10 _.I_6 .ooc_ .59_

.o_lo ,oli, 17.77_ ±135 8q.96 C60 .c_oo .5_

_.a _) ,Ceil.,

_.o _3_9 .0-'-_,-_ ![
59.9 .7555 .oleo, .,.

69,e ,[_703 .o119;, 1,3;'
71.x . r_ol,6 .o_, _.o,

7%5 ._97_6 .0133= _.6::

79.2 . L9968 .oi_ _,_

"fl_.9 . IC_T .oi37.: 8.?N
_o.6 ,JOl_8 ,o]3_tI 7._9_

83.8 .1o51_ .oI_3., 11._ 1"

85._ . zc697 .OlUS"=V !_._

_6.8 , I085_ .oi_T_. iT. 3<:

87._ .1092! .01_', 18.8J

9o.i ,n2o9 ,oi_ _ s
91.o ,113o_ .OlS_J_ ?9. T_

93.5 , i!553 .o157R _o.l<

99.] .z!6_ ,oI_9[" _7.5.,

95.8 ._i760 .o1599_ 51.1m

96._ . £18z:._ .o16(_,, 55.k'

. _.!6_ ._995 ,_B o . li9_.o .Ole.T, 63.9_

,_51 ,528_ lOO.8 .12156 ,016_i 8_.2

._7_ .51,5 _ lo3,1 .]23o5 .0_7_', ioo.i:,;

.1/'87 .§590 105.5 ./2_h9 .01693 120.0"[ _

• 11_7 ._629 !06.h .L8_97 .0170( ]._T. _ !

.OT_ ,57ST 1c9.3 .12,5_0 . OlT_ 153,_

.,3_'/ .>'rb_ 11o.3 .1268_ ,OIT-_7 163._" i

.3361 . s_c_ 44.1 .128_ .oIZS_, _ 199.._) :

,_88 ,5_hO ii_.6 •i2_I • 017_ _19.1_

_26 ,5855 _17.3 , i_9_,6 . OlT_ _ _. 5

.0172 .9869 119.2 ,130'Je . oi'_/_ 25_. 6

._%_9o .5891 _P3.9 • 131,97 .01.% _ 3o_.r_

,oo_i ._899 126.9 . L3196 .0181c._ 34s.T:
.00_ .590_ !)O.T .!_T_ .018_' < 39_iI:

._ ._91_ i3).6 . L3361 ,01863 t'_3. O_

.OOli ._91_ ]_,h .l_h6_ . c186"f: _77.o
•90£_5 .5918 l_ •6 .1359_ .01903 T97. I !

160.0 .i3_T_ oi_'_,_ 1"_5._,,

]TO. _* .13T_ ,o196_ 13T2_..h[_

]TT.3 .138_ .0198_ :, 16T6.7c

_o8. o . i_(_5 ._o_ _ 3_92.1

-;6T*8 .ih525 . (121__ 87hi.9
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TABLE IX.- VALUES OF Z FUNCTION AND RELATED QUANtITiES FOR BALLISTIC ENTRY INT0

ATMOSPHERE OF EARTH; V i = 1.04, _a = 0.06, Zi = _i×10 "6, _r = 900 - Concluded

(f) 7i : -i0.0 °, ei : 0.19134

1.o_oo o.9_:

i.o_o5 .ge:

i,o_lo ,9_-

Lc415 .9e_

!.o#2o ._q_

1.o_3o .9,_ ,,

1.o4338 .98_ j

LC_lO .9_1,

Le_oo .96,<

i.oj5o .5_5_
I, 0300 .Wc_

I.o_5o .9_9

1.o15o ._5_
l,olco .95_

1.oo5o .9J,5 _

.995o -9_"
•590o .93'7':'

.9_oe .9>,_

.95oG ._L,,

.93oo .8'7¢,_

.91oo .85_

• 9ono .8#_,

.88e0 .&_-

.850O .80_

.seoo .76C9

.8o00 .7_C,'Y

,7800 ,7_

•?60o -7_)

,7eeo .6_[>_

.6800 .6£,,,

.6600 .6_-)

.6,200 ,_0_

.6000 .y_o}

.58c0 ,5_09

• _500 soio

.=moo ._61e

•5ooo • _1o

• :50o , _10

._oo ,3810

,_ooo .3&lO

._Sco ,_'1o

._6_0 .3011

• 3bOO .2811

._800 "_0_

.2_00 11813

, ?-_c_ .161h

.?oc_ .i_15

.18_o .]_17

• 1600 . I_O

.1_oa .063_

.l¢<x_ ,c_D

.cgco .o3"_

.o8oo .0303

.0750 ,_'fl

.oToo ._37

.0680 ,em.'ze

.0660 .oec_

.o_o ,oI_

.0620 .01=7

.O61o .OLIO

deg deg g _¢c 7

o,ooooolo _o.ooo io,6c_ ,,.exx_o c. aoo9 o

,cooo¢e8 9.972 lo, sTe .cool ,eoa_ ,mc_

. n¢ooo77 9.9_ lo,5 _;_¸ .ooc_ •oc@_ .occ_

. ooooel6 9.91= lO,51¸ ¸¸ .¢oo5 ,c¢_3 .cn13

. c_>¢¢611 9.885 _o. _8_, .o:)17 . ,:roT3 .O02=

.oeo178o

. oco5735 9,819 lo=_r ,ot55 •c_z3 .oo_o

.00_76 9.77a lO._'; ,077) ._9_ .OISZ

.0o78_i 9.7_o lO. 33_ ,218 .o8e5 ,O3O6

.O15386 9.719 lO.3]: ._B .ll3= ,C_

.0e8=3 9,7o0 1o._9: ,789 .i_o .0593

.o5865 9.678 io._7, J,619 _I_ .0850

,o8781 9,fi65 io._6( ..=i ._57_ ,I¢'_I

•I_6_8 9,6_5 I0. _5 ; _.18 •3o38 .i199

.I==83 9,65o I0,_:! _,93 .33=3 .133_

•1%_3 9.6_= _o._=: _.67 •3_5 .i=61

•_0¢8 9,6_0 Io. _ _. _ ,383= .15"_

._'_85 9,_ 10.2=¸ ,,,10 ._036 .I#_8

._560 9,633 IO._,• ,;,P,_ ._15 ,1776

._8_ 9,63_ _0._, ,.=8 ._375 ,z_7

.31o5 9._7 I0•_, Lls ._518 xgs3

.36_ 9.623 I0•_ ¸• ,_.=6 ._763 ._113

.=178 9.619 Io,_5 )._ ._960 .7759

.=7o5 9.616 i0.2% _.93 •_Iz9 ,2_.t

.5226 9.61_ I0._5_ :3,z_ ,52=5 ._519

,57=_ 9.611 i0._6_ _;_.::_ ,53=3 .9_

,6253 9.610 lO.aS_ -5.]o .5_,16 .z_'_5

.6757 9.608 io,_7_ :6._] .5_68 ._5o

,7_5 9,607 Io._st ir._ ,5501 ,_9=9

•77_9 9.6o5 10. _88 _8, 27 ,55_8 .3ok,_

•8219 9,604 io. 3_ _o. o3 ,_ 505 .3_16

.9_6_ 9.603 !0,319 2,..6] .5=_5 .3]_,*

i.o589 9._e Io. 3_ _,o6 .53_7 .35_o

_._= 9,6c_ ]o,3% _>._*_ .505_ .3279

]._l_ 9.6o3 I0,39'> ;_,_.=i ,=877 .389_

1._8_0 9.6c_ Io.=_, ,7.89 •_71 ,=I ce

i.'¸;613 9•6o9 IO._T _ _•=2 ._51 .=!95

±,636O 9.611 Io. 5_' _,8o ._o_ 5 .=_8_

I• ¸'o79 9.615 ] O,539 >¸).o5 •379= .I_36_

i, ¸'77o 9.6,.8 I0.57 j. :,9.17 •3561 ._=o

J.'_3_ 9,&_3 I0,61: ¸ :,_ 16 •3_e7 ._51'*

_,_06= 9.6_B lO.65:; _,).c_ •3o95 .I.577

_ _65 9,63 h io.69_ _,V7 .2866 ,lingo

:.'_35 9,6',1 lO. 7=_ _.ho •_6=I ,_9_

.L_78 9.65B I0•85 ;:_ r.35 ,_o8 ._

_•x7=9 9._69 lo.9_J 6._ ,2oo] .=_9

_._!8_ 9,_1 !o=qgp ¸¸5.88 ,1806 .=893

_.25_ 9.£?> 11.07_ _.m ,16!8 ._93_

;_.e9=6 9.7_ 11.1}_ :,_.o6 ,l_t,e .=971

_. !_69 9,731 11._, ],o3 ,1_7_ _0_

.355_ 9,75] 11.3(,,, L.93 .111_ .5038

_. _796 9,780 Ii. _9;' O. 76 •0967 .506T

_. _001 9,811 11.63+ J9.5_ ,08_ ,5O9=

P._161 9.849 II.8C_ ,8.25 .07O7 ,_119

_•=_79 9.895 11.99, ¸. i6.93 .O59] .51_1

_,*'353 9.951 I_•S_6 L5.56 .0_91 _16_

,% _385 10.0CO I_,5(_ _.17 .eUO0 .5160

;. _37_ I0.1! I_.8_ L_.78 .0319 .519_

_. _3_8 tO._ 13.2:, 11._6 .'_=9 .5_10

_._8 10.36 13.77 9-._ ,0189 ._>_3

_ ._!_T I0,55 I_.=5 _.58 .0_39 .>a33

.%3981 ±I._.7 16,65 5.9:' .0O66 .5_50

_._351 12.=9 21,9 t ]=55 .0C_3 .5_-'gl

;._3_0 13.77 26,8O _-5= .001_ ,_-_6._

:,.8186 15.9 z y_. _',' i•?=i •00O5 ,5_68

_. L379 ZT• =1 _5,15 I. =58 .OOO3 ,_69

_, r_-_5 18•9: 58.B_ I•2_9 .o3ee ,_7_

_, :_5O9 19.33 66.5_ I._=8 ooc_ ._7o

%O679 19.o7 7=.9? i•2_3 •OO01 ,5_o

5.59]o 18•61 78,_ 1,211 .OOOl ,_Tl

7,5O_Z 1_.45 85.65 I,I_ ,OO01 ,5271

_o, 5868 13,7O 89._ i•i0_ _0o0o .5_T_

_?.7788 IO,35 89.9_ l,oso •cooo ._?_

%1 ._6_ . oo113g ._..

15.5 . .:,lg_h .002_1_ ._.;L
20.8 . a_606 . oog_8 .o_ ¸

_o.3 . :,5o53 . o088o6 ._v
=5.6 . : ,57_ gog_ _'_ . z-_...

=9.i .6161 .0107_c ._,_
51 o . :£_96 .only2 .6_6

5e. 3 .,6561 .o1139t .&c
56 I • : :7o36 .01_2_ l. ?x

58.2 . L:T30_ .o1_6_: ¸ _.55_

59-? .L_90 .0]_97:_ 3._r _,

_o.9 •¢,7635 .01_ : _-_'
61.9 •.7r75_ .OLD: ¸_a 5.1::

6_.7 .,q855 .o1359 _ 5=_"¸

63._ .'g9=3 .0137_5 6.82 ¸]

6=.6 • _5O90 .01399# 8.5-.3

66.1 .._65 .o1_+', 11.15_

66.9 •_3_1 .oI_ _¸_ l_.Wo
6?.7 . _6 .ot_<_ I_.?,_

68.9 . _591 • ol h8_1_ _a. _

69.5 . :)865= . OZ=_', _ _o. l*..._
70.O . _712 .Ca5C6 _ _.C_

7O.5 •_T_6 .0151'_ 5 _3.921

71.8 ._908 .o!5_ _ e9•7_,
72.6 • ,_991 .0155:, 33.7i7

73.] .:.,9O86 .0156_ i 3%817
7_.0 •,O1_6 •0157,7:, UP.03_

7=• 7 . o9_oo .O158T_ k6. _

75-] . __oo .o15_:' ' 5o._ ¸¸

75.9 . ,_3z7 .o16.%q 55._ ;
76.5 .,O_71 .C16;_ ' _0. l,.t

77•1 .agu23 .o16_ _ 65._ ¸_¸_
77.7 .o9=7_ ._163_ _ 7o. lt'_

7B. 3 . e9519 .el 6= : 75.3 _¸_

78.8 . o956h . o16=',r 8o.?,•_
?9.= ..._6O9 .o16_ _ 86 3_

8o.5 .:96o93 _i6_: _ 98.3: ¸-

81.1 . o973_ .0167_ '• lCa._,<
81.7 •:_77_ .oI _8_¸: ]U.; ¸¸_

8_.3 .O81_ .O'-69:'3 118.;::

83.5 . _9891 .01705C 133.1 :,

8=.8 .O996? .O1715C 1_9.6J. ¸
85.5 . lcoo5 .o1_._ 158._ ':

_.3 .100_3 .OLT3 t'¸¸¸ 168-_'_;J
RT.0 • J0081 .o173,',_ 178 =_

87.9 . LOI_0 .017_ ¸ 189.= _9
88.7 .1O159 .OlTSO_ _01.3_

89.7 . L0198 .01757a 21_._
9O.7 • La_39 .0175_9 2_8.31

9Z.8 • tCeSO .c4Tr_ _3.8_

93.o .1o3_] .ozTv_9 _61.:, '
9=._ .1o368 .OZTS_9 _8o.71

o . tc_!} . o17_6= 3o3._o

97.8 . LOk65 .O18O56 _9.._

]c_._ . tosTr .nzS_ f; 399-_<_

lo5.? . _O6=] .018_ca _5D.55
11O.O . _OT_O .C_8_8 5_l._C

116.0 • toSl_ . c¢8783 633.5c

1_5._ ._o933 .O191-'3 5_.9_

132.5 .nol_ .O193', lo_5.3_ ¸
Z_.6 .n112 .0196, " 1_03._, '

159•O •ll_ .C_Ol_ _180._

17O.5 .113=3 .O_OU- Z _867.i"

18O.2 . ll_Z6 . Ceo6_. ,' 3515._

_39•6 .l!85= .n_16_ 57_3.7
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TABLE X.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH SO THAT _7=o =i'0_ _a = -0.06, Z i = Vi×lO -6, ._r = 900

(a) Vi = i.I0, 7i = -3.489 °, ei = 0.2183

1 1 1 1 I-
1,I CgM) 1, i_-_ ( .{xx)ool I 3._9 5 •J.-,_ Q *_3_K' 0 -ig)16 O O 0 O.D_1399 ),O £y01, IOO_ i.i_ ,_3 _ 3 .H_2 3.O_* .cook .c_ .ODI, 17.7 -0237__- ,c_o

I ,IOLO 1.16_0_ .o0oo13 _ 2._2 2,8 .ooo[ .oo56 .ocg _7.o .¢A969 .oo281_ ,¢_yJ

] .]015 I 161_ ,cco_2, 2.693 _.99, ,OOlO ,OlO_ ,oi_' _.2 .07951 ,Oehgx95 ,001

] ,101} 1.161_ .o0125_, 7_o 1,6J .0_6[ .o_3o •_7_J 126-3 .1_5 .007_ 5 .0_

] ,lOlO i *16!e ,oo177 D 1.653 i.>- .O6._ ,o_c2_ ,oy;, 139.7 .18_53 ,oo_g_ 3 .o_8

LIO00 1.16¢'0 ,0(Y2622 1,494 I._±' .cq_2 .O762 ,_-29: i_7.6 .19_,6 ,oo_ .o79

1.0_OO Ioi$00 _011765 .6k5 .611 _25 ,15_ ,_251 r 216.2 ._9OO_ ,O10329 -3eT

LODO0 I.IIOO .o]71_9 -_7 ._ ._n'03 .i_%{ .ylJ] 263.O .391o.5 .OLO?? 7 ._89

1.0_o0 l.lCOO ,o17_6 ,I_5 .I " .622 .17_] ._gb_ 276,a ,38612 .olo83_ .>l_

I,O100 1,OTOO .01_i_ .0o9 .(_,'_ .tL9 .l_a 1 .o_3, 315.6 ,_17_ .o10_7 .5%0

,99_o 1,o5co ,017856 ,o10 ,C_._ .597 .199_ I._O15 3_2.6 ._9020 .O10;389 ._i

._hSOO 1.0_OO .01_ .15-g ,i;_ -D_ ,]_ i._31:: ]8,h,_ ._199B6 ,Oi .09_@ ._71

.99OO 1.000D .0_O17 .35_ ,_2 _ .6_4_ .i_6_ 1.97 b- _II.O .93093 .O110@2 ._

.86OO .9_0o .CA-_. _ i,_%67 I._'/ i ._,_9 .I_6O 2.o¢o _-m-3._ .61!0_ .o12169 _.71_

_Shoo ,9@oo .061_9 1.60_ !.49[ _.f_ .1972 2.o'_2 _93.7 .6_17@ .eleu_5 J,196

.8_ ._,_o0 .o7_ ] ,_29 i._4 2.1_ .L_q@ 2.13_ _Oe.l -63031 -Oh_TD 2 :-767

.8OOO P,600 -o9133 2.O/_ 1.980 Z,>3 ._I_9 2,19_: _t_9 ._ .63733 .o12939 _.a@5

.7._O0 ,SHOO .IC,839 _.?_7 e.O_" e._4 .X'30_ 2.H_ _i_. 3 .69317 .O131_ -.169

.7600 ._00 .12668 _ ._6 z.z_, 3.36 ,_51 _._i 5ao.5 .64_I0 .01336_ .COl

.7_oo .79_ .ih605 2 639 _,_ 3,79 ,2_7 k 2.319_ _.2 ,69e3 k .0135_8 _.y22

.72oo .7799 .166_6 2._30 2.6_ a._2 .2281 2.35_ 929.3 .6y_oe .013T_3 -936

-_ -T_99 .1877_ 3.018 e .7_,) _.6_ -_73 _._85, 533.0 •699"_5 .01388£ .0_9

,6q_oo ,71_9 ,2329 _,3.°_ _.Iii 5._ R ._219 ?.a_9a b_9.5 .6_6T ,01_191 i'D,_f_

,6_CO -6999 -2959 3.5_ 3,27{ 5._ .2168 2 ._62v 5a2._ ,66698 .01_3_2 I ;._99_

.6_q'30 -6799 ._798 _.776 3.%43 6,26 .alll 9._8_i 5_5._ .66907 .o11_ 5.536

.6ooo -6999 .30_I 3.97 _ 3-611 6.69 _20_6 _,503 5_7.7 ,67098 .011"595 ! ,.[_c_

-5_ .6399 .3e_3 _.I92 3.7_ 6.96 .19T_ 2 ,_91 _ 99o._ 3 i .so_

._60_ .6198 ,39_7 h.378 5-9_ ) 7,28 -1893 2.538o 5_.9 ,67h36 ,Olha_gO i .9_O

•5_C_ ._99_ .37_9 h,_91 _,11 7,97 .1;_'_ _,5_31 5_.7 .679_ .oIk9_7 _I .O91

.5_OO .5798 ._0_2 4.812 _,3_ 7.8_ .]7]__ 9.__56 _ 556.8 .6TT_I ,OLDO71 :, ._20

,_6no .9198 ._799 9._39 _.?cl 8._ .l_3& a._l }&o.9 ,62_3 ,oi}397 ] ._95

.%oo_ ,_997 ._30 6-I_03 5.5_ 8.76 .iI%_ 2.6_92 568.7 ,683_ .Q1571o ',i._77

,3_ ,_396 .5763 6.73 5,_4 8,79 .I0_7 2.6_6 >TO,> .68_T3 .015,513 _t w>/

.36OO .t't9_ .5988 %o9 6.0/ 8.19 .0_93 2.6#3 5T_J* .685_'@ .ot_le "9 _'_7

.3_xx_ .3_% .6h09 7.91 6.6" :%6_ .o77_ 2.6_> 976.2 .6_W._ .O!6L_ _. U._':

,3000 _3595 -659 _ _-_9 7-_" 8..5_ .06._9 _.66e9 578 _ .66"789 .oi6_. t .9_.,=

,_ ,339 _ .6766 8.93 7.3_ _.3_ .o6_= _.66_6 580.1 .6_856 .0163_i v k_
.26OO _3193 .691q 9-9 _ 7.7> 8.1_ .o531 P.669_ _.2 ,6_gqe .01_3_ '_.5_

,2_ ._99_ .70_5 10.23 8.19 7.59 .Ohm9 2.673' _3a.2 .6898_ .0165_7 i.C_2
._ ._791 .?lhh 11.0a 8,65 /*>9 -O39_ 2.67_ 5B6,_ .690_ 5 .016659 ?f,&2[1

._oo ,e>9_ ._.o9 12.0o 9._" 7-29 .0330 _.6_Cc_ 58a. T .6910@ .Ol6ty> ]c_.]_'

.%soo .e388 ._3_ 13.16 q._ 6.57 -(m73 2,68a_ _91.I .69L56 .016896 id_ ._l

,1200 .177_ ,6q_O 18.86 12.6C 9,#9 .O13_ 9.689.6 J99._ .693OO .oi7_oe ±,:,, _

.iooo ,157_-_ -_g9 ,_.z9 13-99 _-99 .oloo z. _gcl _o_._ .693gh ,o] T_6O ,[._

._ .i_61 .6_S_ 27,5_ 15.77 _.36 .0071 2.69.1 6O6.7 .69383 .0176AO _t,_,c

.o$oo .3139 .gT_h _6,'f_ 18,3_ 3-_/I .oc_ _ J75_3 611,6 .69_IS ,O17_ . - .22

.Oa=_o .o95o ,5a17 50,85 _1-54 _.L_ .O,Y_ _.693_ 616.6 . _.99_a2 .o_.oo7_

.05_5o .D969 .510# 7_.o9 26.1o 2..59 .{JOIT _.593b "<@2.5 .6_ .Ol_3L'a _3"." 1

.0333 ,_691 ,=496 _8.98 28._9 2,39 ,ool] 2,6_3_" 6_,8 .69_7 .O1P_ _?i.t'



TABLE X.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH SO THAT _7:o:I.0; _a : -0.06, Zi : _iXlO -6, Dr = 900 -

Continued

(b) V i = 1.20, 7i = -4.825 °, ei = 0.4464

I ,_oc0 1 ,za_3

1,2olo 1,26G9

] .2olo 1.2609
] .2oo0 1.25c0

1,1950 1,2_9D

i .19on 1.29oo

1.17oo 1.23o_

1.16OO 1,220_

l .l_O0 1.2100

l.i_oo i._000

1.13oo I.I_OO

.lL:OO 1,18oo

1 .ILOO 1.17 o0

1 .iooo 1.16oo

1, oP_)o i .IL,_

1 ,o600 1.12oo

i ,o_oo i. iooo

1 .c_oo 1,080o

I .coco I .O6OO

,9_o I.¢aoo

,9eoo i,02oo

,!moo i,O00C

.9oo0 ,96_

.8_oo ._,oo

.86oo .92oo

,8400 ,9¢c_

._moo .88c_

._ooo .86oo

-7_ .ShO0

.?600 .8200

.7_C_ ,8000

J_oO .?800

.?0oo .7_99

,_J_00 -7399

.6,500 ,7199

.6_0 .6999

._CO -6799

.6000 .5699

.5_OO -6399

.9bOO .619_

.5500 -599_

.r:_o ._39V-

,_,oo .>19_

._ooo -_99T

. _,oo ,&196

d_oo .399f
•3_o .3¢95

.3 ooo -359>

.2L_O .]39 _

.2_CO .3193

.e_oo ._791

]mo ,_38s

1300 1571

.13f_

,,,9OO .I016

.o380 -_39

.o_60 .cffgl

•' '39o ,Cq_

.,:,3hO .O7_7

.o33_ .o696

7 I
.00_008/+ g.3>3 _.D_ .coo3 .oo93 .oos3

.000069_ 3.791 3.61L .C_6 .o148 .0o_

•oce393_ 3.219 3-o6, .oi5_ .0363 .o_
.o_Ll963 2 ._19 2.5_ *_59 ._2 .097_

.00_022 2,161 2.0_: .1990

.008007 1.908 I .N1 .317
,01L>'255 1 .w;6 1.56 .1_3_

.o19189 1.323 1-_ .75 o

.0e1,77 1.1o9 t._1 .961

.O'2938 .93_ -_9:, 1.131

.o33_2 .798 .7_ I._C_

.o36_1 .68O .6J,, !.3r_

.03906 .578 ._ 1 ._8

.0_122 ./*SB .1_6= 1.D37

.0a295 ._08 .387 1._

.01_31 -337 .3_ u _ "_

.0_607 .217 ._cf 1.663

.01_6 ._? .1_ .lt, ¸_ ]. ¢'a51

.0I_672 .o96 .O5 _ 1.631

.0/.613 .01_ .01 ¸- 1 ._3

. OI.Se 7 moo .co:, 1.526

.0_1 .016 .01_. 1._71

n_3B 5 .c._ .O6o l.I*_¢_

.0_3B8 .11_8 .t35 1._oo

,_96 .1_20 .39:' 1./_3

.O5O96 .(lo3 .5_ 1-9_3

•05_g9- ._7 .75 _' 1._
.og2_ 1.o_6 .9;,, 1.51_

.O7167 _3 t .l_ ,' _ .o3

.o_7 !._83 1-37:. _.2ff

._6! l-T13 ] .9[-':' _.57

.!14c_. 2.3¸".8 _.2(,;, 3-_7

.I_917 2-6°9 _._'_ 3.9 _

•17_97 2._7 _.99_ _..31
.r_o7 3.0_6 e.?9:_ _ .69

._'2O9 3.2_ 2.9_ 5 .o6

.2_09 3._8_ 3.l"¸ ¸`¸¸ 5._3

.2_6o 3.7o7 3-3 .¸'¸¸' 5.79

_c_ 3.93_ 3.9 _ 6.1:*

•3391 _ .3_'9 _.959 6.78
T ,o7

.3900 h._05 k.y,u 7.33

._al 5 5d-_2 _'._:,- 7-78

.4672 5,722 5,03_ 7-96

._908 _..028 8.10

.51_0 6.3_ 5.5:' 8._I

.9_28 6.70 5,7" 8.28

._66_ 7*C _5 6 .O 8,32

,9901 7.$9 613" 8.31

.6123 7.9 _ 6.6_ 8,27

.6526 B.99 _.kl 8.05

•67 O0 9.61 7.81 7,8 _

._ lO.33 8.e _ 7.67

-7o_ 12-13 9-3' 7_IO

6,76_71o9 1_.31 zo.oo
h lo .7,-r?.7106 1 6.36

.7039 16._ I_ ._ 5-93

.6_69 27._ 15 9" _-33

.5T_8 37.13 18.9 3.71

.}400 _5.30 20,h_ 3.3 h
-5_39 51.3_ 21.7 3.1_

,9101 60.10 23 ,h 2.9o

.9o77 _%o] _.3 2.79

5151 76.07 _6.%, 2 ,_q

,528_ 82._ _7.£ ?.h6

01_._ °o2_1 °_ ....:ii:i:ii¸I
62.9 .a919o .c_6383 .,D

78.o .II&23 .c_7633 .o ,

91-_I .13_37 ,C'_8_ .,,

.12_9 .1%h7 IO3.7 .I>I_ .00926_ . l;

.161_o ,19_I 113.7 .166_ ,0097_ ._!l_

.I_ .2A71 ]_.3 .1819O .010266 ._,<

.2%31 .3775 137 8 .2oI_0 ,01077% ,L,

._708 ._f_!9 I_7.5 .21935 .oft067 .u_

.3Oli ._3 _ 16_._ ._3619 .Ollb12 .t_,7

.3o88 .69_ 168 ._ .e_86 .O119_ .gu:

•3133 -75_ _ 17h.l .2_85 .011612 i,o37

.3191 ._I}, 18_.B .267k8 .011737 1.".q,l

.3133 ._O> 189. _ .27_36 ,oii_ 1-_O9

.3O6O L0535 199.8 .25700 .011_9 ] ,a_C

.f'9_2 l .L_L_0 _D9.7 .300_7 .0118_ 3 I._p4

.9_891 1.267,_ 219.6 ,313_ ,01190] 1.6_

,_679 1,369_ _'_,. 8 .32603 .011910 i -3tH

.2534 i.hT(_, _h0. 3 .3_9o3 .Oil911 i .39_;;

,2399 1 569 2_1.2 .39_29 .OH912 i ._
.2268 1,66_-' 262.5 .36_6 .0139_I .3;i

.216] 1.75_ Sqh.l ._791h .DII.g&9 ._O1

._oTy 1._9o_, 2_3,9 .3ff2_ 5 ,oi199e i ,_11

.2o21 1,937_ .o97 .,, ._-o53 o .012069 I ._,_

.1991 e,o}9_ 308.5 ,_I73_ .01_176 i .725

.198& 2.094 318.9 .428_'4 ,012311 I._7

.20_ 2.339_ 391.> ,/_6122 .013006 _.' _?

.20_ 2.38!'" 397.6 . _6693 .013188 _ .2" ,'

.20_ 2-_23_ 363.0 ,h7190 .013366 5.02

._G99 _,I_601, 367. 9 ._769_ ,o13_38 q , _4

•2o76 _ ,525f 371.3 .h83_3 .o1386_ 7.f_

.90_9 2.55_# 379._ .h96_ 3 .o14018 _.oh_

.201_ _r 57h2 3S3, 3 ,b_11 ,01k166 1::.33 d,

•]_7 _ .f-/)lI 3F_.9 ._91_3 .01h309 11.7_

•1913 2.6221 3_9.4 ,h93_2 ,Ol_U6 I ,,.30_

._89_ 2._I' 39_-_ ._95T2 .01_579 l, .99 _

.178_ 2.69_' 3_,8 .497}h .01_708 ,,b3e

.1710 _,675 397.3 ._9921 ,015833 ,.8_3

.15h9 2 70_' _2_.0 .5ff218 .019o7h : ,hOe

.lh_, _.715' _01_.2 .9o39o .o1319o '-9_3

-1376 2,7_: 406.3 ._3h73 .61530_ ,: 7_

.1_6 _.736: _08.h .909_5 .o19_17 1.857

.I196 2_T_5 _i0.5 .50696 .o19925 35.199

-ll09 _.7_' _12,9 ._o_7 .01_b37 JH.853

.1016 2.7622 k!h ,_ -_3 -01_7 _6 :''._

,09a7 2.7691 _16,5 .50982 .0198_ h %238

.07_6 _.781, h'2_ ,9 ._I147 .o16071 _,'.4o9

.0>9.7 2.791, 424.6 ,9L99> .o16290 6q.91_

,0023 2.79_0 _26.7 .51563 .016_ v'.]0_

•o_93 2, ,'P_]'_ %2_ .5 _91_28 .016_19 i.6_9

•o387 _ .P_35 _3 I.I .51_ ,016632 ?q .o8_

.o326 2.8063 _33.$ .51_%_ .016752 :o L9_7

,o271 2.809,_ h3_.8 ,5160] ,01_76 ]i _.%8_

.c_o _.8113 h38._ ._165} .017C07 ij3,236

.013._ 2._q_,O hh&.3 ,_I'_>o .017293 1 ,'2.3_k

.oo7o _.817 ' _1.6 ,51_33 .01763_ J3 i-o9

.00_6 2.816' _96-_ .91_68 ,0178_7 .' ,h2

.ooe 9 2.819L _61.6 .51P_I .01_o76 2' <99

.OC_l _ .81Q E69,2 .919o I ,o!_3o 4GO._

,ooI 9 _.819 _ k_ ,7 .919o3 .01_9_ 4_4,91

.co15 g.8_. _69.2 .51906 .01_39_ _, 6.2h
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TABLE X.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH SO THAT _7=o=i.0; _a = -0.06, Zi = ViXlO -e, _r = 900
Cont inue d

(c) V i = 1.30, 7 i = -D.707 °, ei = 0.6937

I

_c_oa 1,35o9 o.ooocol3

l jxr2 1.3_00 ,oo_k_{e .0c9___ .0016

,300_ 1.366__ .cc00292 ,0119 .oob_

1.30038 1.36o43 .o00_9_9 .o3_ .o_i_

1,300 _ 1,26C4 .C_I_ .O_49 .03'r

1.30_o i ,3_99 .0016S':_5 .0906 .06>:_

1.2980 1,3579 .00_81_ .I_ ,laJ_ _

1,2950 i 3_A@ .0C_73L ._ .18_2

1.2900 1.35oo ,01_39e .2_9 .2_3

i .2_0o 1.3_aO ,023_ .3291 .36 v',

i,_'6C0 1.32oo .03893 -40_3 .53 "e
1.2kOO 1,3OC_ .o_o39 ._9 .676'

1.2000 1.26OO .O662_ -_7_) .91{_

1 .]2oo i. 18co ._6_ .K3_ 1.2_; 9

i.iooo 1.16 OO ._ ._21 1.3B3(

1,o800 i. i_o0 ,_ok6 .ko_ 1.46_,3 17_.i

1.0600 1.1200 .0 _9@9 .957 t .59C4i ITg._

1.0_00 I .ICOO .O7_7 ,36_ 1.63L_ I_5,7

1 .(_K)O 1.0_00 .077_3 ,3_73 1.71[' !_1.7

1.0000 1 .O6OO ,07603 ,328_ 1,78_3 198.o

.95oo 1 .(_oo .073_6 .2932 1-9391 _al_ .3

•9_00 .9[aO0 .071_ ,2631 2.0833 2_,_

.9000 ._600 ,OT22 _ .2_O6 _.lSk 3 a3e.8

,8_0 .8_ ,06k86 ,_192 2,3_.H 261.7

,7SO0 .8_00 ,09989 ._21 2,_o19 _?_ .7

.76_D0 ._00 .iO_3 -_O96 @-_72 280._

..,'_2OO .*"POCO .13a50 ._O51 _.62_' _91.O

.7000 .76¢0 .Ik�lh .ao26 2,661_ _95-6

,6J_00 ,Tk00 .16_I ,199Y _,69_ ! 299.9

,66OO ,7159 ,I_6_ .1963 2._2 _03.9

.6t_a .6S59 ._o13 .19_3 _ .T4f, 307,6

.6,200 ,6T_ ,_la ,1878 2.77_6 311,1

.6000 .6*_'9_9 ,_422 .i_26 a.75_ 31_-3

._ .63_9 .26h1 ._7_ _.8156 317,3

.56_ .6199 -2_69 ,I?05 _-83_9 3_.e

.5_00 -5999 .310_ .1636 2,8_97 3_3.O

, .5,_00 .5T98 -331_6 ,1.56_, 2.86h9 325.6

,ll4g_ ,_39B .38_6 .i_0@ 2.8917 330,5

•_ -_ .41Ol .1326 @.9O 333 33_,_

._00 ._'998 .4357 ,l_k2 _.91ko 335-0

,_00 *_797 ._615 -ii_ 2-9_37 337,2
,_000 .a_�g ,_871 ,i072 2.93_5 339.h

.3800 -_'397 ,512k .0957 2.9/10_, 3_1.5

,3_(_ .3996 .5616 .O8_0 2.9=At 3k5.8

-3_ ,3_9_ ,6073 ,o661 2,9660 3_.o

._o ,._Y3e .66_i ,o_6 e.9791 356,5

._0 ,_IP91 ,6783 .O3_ _,_3eE 358.8

•1800 ._L_=_ ,Fg)61 ,0_68 2.98_ 363-7

.t6ell ,al_) ._"o .egt8 _ ._9o7 366.3

.l_O0 o1778 .6Z13 .013_ _ *99_5 _T_-3

.0_0 .1359 .6a33 ._OTO 2 ,_gTa
,o600 .z_3e ,571_ .0_ _.9986

,osee .101¢ -5396 ,00_ 2,99FZ

.0A00 ,O869 .9113 .00_ 2._991

.o_ .o83a .509_ .o0_I 2.999P

.O360 .O787 .)let .001_ _.999_

-O3_ .0719 ._53 ._1) 2.99Ya

.0336 .(X59O .5_0 .00_ 3 2,._n99<

-I- I I
5.707 9,_>" o,o_,_: o.oe_ o o o o o.oco

5,_95 )._,_ .c_ _i ,1 .Of?D9 .00169_ ,coo

_.i03 3.9! .OllO _3-3 .06851 .00_6 .0_6

3 -77 h 3.6l l' ,0_6_, 9_.I ,c_59 ,O06B_O ,OlI_

3,355 3.20 ' .OT19 63 ,h ,I00_ .O0 _'_6_ .039

2,8_2 2.7:i .205 76-9 -igw_ol .00913@ .iii

2.5_ 2._L_ -STl 85*9 ,_3617 •009796 .?C_

2._!3 _.i14 .610 9_.5 ,lagTi .O10356 .33_

1,8_7 1.y,_ 1.008 I0_.8 ,16_91 .01o93 o .5_1
l.k21 1.39 _ 1.615 I17._ .1 .8_7 ,011%87 .9m7

,I_I l.C ,;_ 2.O8 _6-3 ,l_lO •Ol179_ I-_19

,_7 .55! 2.39 In-7 ,elO15 .011991 i ,h.99

,7_ ,716 e.63 i_ ,_ .219T9 .ol2He 1,6_6

.6o_ .57h 2._0 11_6-_ ._85T ,01_36 1.818

•3_9 -3_x _.96 157.5 ,_63 .OlZ3Ti a,o_

2-13_

.I_ ,t:_ m.95 168*6 ,259T_ ,O12&_5 2,t9_

.h_7 .L_C 2.9O .m6718 .o12t_65 2,a3_

,OT3 .o_9 _ ,Sa ,_7k63 .0]e_78 2.m_l
.033 .o31 m .75 -_.15 .01_5 2._75

._ .c,38 P :',6 ,28976 ,O_I_8 Z,_80

.03B ,0!6 2,3B .31_ .OL_91 2,_9_

._ ._*j _ .31 .321_7 .o12500 2.3O8

.V_ .15;' _.Z5 .3296a .012518 2.3_

.38t .3".t Z.al .3_585 .0_9_ 2._06

.696 .6_ z.31 ,36119 ,01a753 _,P_6
•876 .Si' 2J,9 .368_8 ,Ola830 3.109

1,076 l°_d_ 2.=,_ .37_87 ,0L2_2 3,k3h

i,_87 1,199 a,71 ,3_093 .013067 _._._
1.906 1.396 m.B'_ .386_ .013_o1 k .33_

1,73_ 1.6o_ 3,1) .391k3 .o133_ _.5_i

1.961 1.810 3,_i •3959_ ,013_86 • .6c_

_.193 2.0_3 3-69 .39995 -013632 4,39_

"013_3 9.3_8

3.3S0 3,07_ 5,_7 .hi_83 .01_3_ :2.1O8

3.626 3.2,w, 5.99 .hlTC_ .01_76 13,6.59

3.877 3.9o'-_ 5,90 ._l�ea .01_607 15-3_7

_,133 3,7:_ 6,21 -_2O85 *01h735 17.2_5

_.396 3-9"_ 6,_9 ._53 .Ol_t_ _9.305

k.95_ t_ .kco 7.0O ._2_ .01510_ 2_ .035

5._3 _ ,6_'_ 7,e3 ._26S5 ,o _yaz3 26.T_3

5.5_I t ,g_e 7._ -_2809 .015339 _9.7D9
5.876 5.I!<: 7._9 ._ .01=495 32.961

6._0 5,_1o 7,7_ ,_303_ ,015_9 36.531

6.59 5 -69 7,8_ -_3133 ,OL-_ _O.&_

7,_I 6.3 e 7.9I ._3317 .0159o_ ,9-_3
7,_ 6.6i 7.9O .k31_Ol ,016_I 54 ,

8-39 6-9q 7.8_ ,a3_8o ,01613_ 6o..7"27

S.9_5 7.3 i 7._ ._3955 ,0162%8 t"_.298

61 7-_I 7-6_ .k3626 ,01636_ 7_.676

lO,3k 8.g8 T._3 ._3693 ,016_81 _:;<oi1

L?. ,19 9.38 6,93 ._3816 ,016_5 '_o 3.3._3

13.39 10.05 6.61 ._3873 .O168_3 _ih .O_

16.7_ _L1.7_ _.8_ .h3 ,O17128 i_%.631
19._ ie.81 _.38 .h976023 •OITESO 1 ?0.327

22.7_ I_ .2_ _.88 ,hh066 .017_&5 197.657

28.08 16.0@ g.32 37_.7 .t_lo6 .O1T631 _33-73
37._5 18,T_ 3 "69 3_,6 •i_I_i .01_+ 2 J9.6_

h5.69 aO.6_ ] .33 36'7,8 ._lSY .017993 3Z3.7;

51.81 al.9 L 3-13 389,7 ._165 ,01_'a77 349.17
60.6_ 23.6_ 2.90 39'2.2 ._ 17_ ,018181 383 .t<)

7_.h& _5,8_ 2.65 399.0 ._i77 .0183o_ _._7 .<

77,13 a6,7_ a._6 _5_5. I .bAIT8 .0183_6 4_g .q'r

8_.18 _8.0_ 2._ 397-7 ,_IT9 ,018_1 _'_,3J
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TABLE X.- VALUES OF Z FUNCTIONANDRELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH SO THAT T7=o=!.O; _a = -0.06, Zi = _iXlO -6, Dr = 900 -

Continued

(d) Vi 7i = -6.429°, ei = l.oooo

_.41520 1.47_.9

] .41515 I._729

' .h] _I0 3-_739

1.kllO l.hT9

._o5o l._Jr_

i.39oo 1.4}o0

i.3S00 1.44¢o

±,_0o ] .4_:<,

1,3_00 i._oo,

i.3203 I._ _,

1,3¢C0 1.3_cO

1.2800 1.3_;

1.260e 1.3_',c

L,24o0 1.3_iC

l.l_oo l.m4,,

i .160o 1 ,_c,

1. i_o 1 .lm$o

!.iooo 1 ,]_oo

] .0800 1.14co

1.c6oo 1. l_k/o

_ .c_oo 1 .ea,s

.98oo 1 .o_,_

.96oo I .o_#o

,9_oo I .oooc

,9ooo .geo_

.B'OO ,92,:_

.8400 .9o,:c

.8_00 .._

.8OOO ._,,

.7aoo .B4,,,

.76oo .8_¢

.7_00 .80o_,

•7_ .7 &'u

.7coo .%.,¢

.6600 .7_8,

,6_00 ,_79'>
,_000 ,_,599

• 5800 ._'399

. I,P_o ._39'

._500 .519"_

.4_00 .499d

.I.L:,O0 .479_

•3800 ._397

-3k00 -39:)
.3200 ,_T_"

._ooo .359

,_oo ,33 }:*

,_40o ._99a

,2000 -_9(:

.1600 ._18_

.I_30 .19_-

.i_oo -]777

.iooo .]57o

.oSoo .1359
,_,,0o ,] 13¢_

•_21_ ,1013
.0490 .094_

.O4OO .Oa67

.o360 .o783

.o35o .o7_

.o3_o .o7o9

0.ooooo14 _, .=*_9 6.1£8 :,.)COl c. _:3_ 0.O9_ 8

.ooo1_ _.9o9 _.7o_ .3075 •03,* 3 .0156

,ooo2780 _.701 4.510 .)12_ ,: _,'.9 .o_]_

.ooo498_ 4._69 _._aa .>a3o ,o Ol .03_.

• 0o73_ •la9 3-c5_9 -_9 ._x)8 .1560

.03197 2.207 _.]I_ : .451 !_ _3 .&ll_

.0k175 ] -979 1.897 : ,_ - _93 ._o_

.ID838 ] .6_I ] ._2 _ .,_.o •=,o32 ._,}c_

,_ _3 .T788.0_05 1.410 1,349 ,1_

.oT_93 ] .o'5o 1.00_ _ ,97 , _9 .999D

.]0719 ,TBI .74_ ._._9 .6_08 I*I_I0

•]]233 .667 *_36 4._9 .H.I_ 1.279._

,I]9_0 .472 ,4a9 ._-7_ -_307 l._Sg

.I_3O 5 ._43 ._31 4,_6

.12_58 .183 -173 h._

.]_I_ .130 -123 _,48

.IE_91 .0_ .081 4.37

,11929 .04_ .047 L,_h

.i1737 .o23 .021 k.lO

-]19_3 .oo_ .oo[ _,93
.11_9_ .ooo .ooo _.S!

._ ._ ._ ....

.Io863 .o_ 7 .oe_ _ ,_3

.1067D .0bo .o5_ .41

.IWe_ .llO .IO_ ]•30

.lO_eh .177 .16_ 2._o

,Io_79 ,46S .4_ 3 ,_t

.i0830 ,t3o .587 5.07

.n707 ._5 ,._6 i.18

. ] 1_090 1.573 l.US_ ] ,}7

.19187 1.796 1.6_5 3J6_

.]6434 2._7 1 -g_'3 3-97

._681 3-536 _*Io4 5._2

-3119 _,089 _.66_ .O9
• 33_0 4.3?8 3.9o9 _.3o

.3T_89 _ .677 4.1_8 ,_

.3_ ,._ _.,u
:: .31_ 4.677 ' .99

-4333 '/,_7 4.95! _._

.b_o , ,41 _-}3 _.39

.5C91 .s_ 5-85 ,'.47

-5_79 7-7J 6._3 ,'._3

.9_i0 '._ 6 -9! 7.51

-' r '30 ;'_ 7,31 ,:.44

• LI7 20._9 8,2 I* ?.18

• .77 11.16 8 78 " -99

• ,93 13.41 I0.07 _,,_6

,6723 ]9.3 _ I_'-93 5.30

._6 3Y.7 k, 18.a7 •-_7

.5_33 _ .16 28.58 _•h]

2 °3 _ 0 0.000

2:'-_ ._3_7 -_3_79 .col

35.1 .jo33 .005879 .co

_9._ .oS5o5 .oo779_ .o3_

59,_ .i0e39 .CO8_93 O8_

6_.9 .n3_ .oo95_6 .ly,'
7_.2 .1276_ .OLO279 .3o9

79,3 .1364_ .OI_R9 .4h_

.2 .i_15 .ol_dTC .69e

91 .] .i_6_ .OlI_79_ ,9 o_

9_.4 .i_76 .01!9_ _ I._ _

209._ .l r,_9 .012_96 1.897

113._ .191_9o .o12431 2.14'

li7.e .29918 .012538 2-36_

leS.l .215_6 .0]e731 2._0

13] ._ .22099 .012797 2.9_

139.1 .2_o01 .01R839 3,089

.59o_ I._oo_ 138.5 .230_ .Ola_5 3 170

._77 1,6745 I_.0 .23_6 .O_q_ 3,_38

*Dk42 1.7_66 ]_5.5 .2_075 .03_ 3._91

/_Ol 1.8171 _49._ ,2_6_ .O] _9_t 3,331

, [•Tl_ 1.9_34 39_.7 ._?,5_ -o1293.=, 3,_7 h

.430.g 2.1k_l ],8.9 .2 '391 .01_939 3._

.,782 _._IO5 ] ?3.3 ,aG_] .01_939 3,_::

.397 o _._71_ ] "7.8 ._ _160 .01_9_i 3.39_

-_370 2.3318 i_.5 •2';708 .oI_9_5 3.407

.29_4 _.5033 i_7._ .3o387 .Ot_A_ 3._&2

.2T13 2-_57_ _C_.9 .3P9 t_3 .o13 ol_ 3 -641

,a:_87 _.6o9o _c_.3 . _13o_ .013e60 3.778

._38o 2.T061 _lB.9 -32573 *013177 _._32

,_z_3 z-_931 2?9.3 - _7 ,o13343 4.8T

,2099 _ -869_ _ {_.9 .3_9 .0135_9 5.871

.20_U _.9035 _,3._ .3_819 .013664 _.5 o_

.19_o _..'_.),2 _1.7 .3:.9C9 .oi_9o',. a.lo_

,i_6 2.9910 25}-5 .35811 -01403_ 9.07

,]_31 3-oI_ 299-1 •_o89 .01_161 lO.18]

.]773 3-0381 _2._ .3_ 3_3 .o] 42_9 II.4_

,1648 3,0777 _8.8 ....7S9 .... 5a3 1_ _n_J
.1581 3.0950 271.7 .3 985 .0_qg9 - :

.151o 3-iIo_ _7_-5 . %,t,o_ 014794 17.99_

.1436 3,!_53 _T?._ ._33_ ,01_,917 L_O,IOC

• l_ 3 -i616 _ .7 .3?yo i .o15_7_ _7 -_9

.ll_ 3.171_ 2_7-0 .375_ .01_3_ 3°'955

•lOgO 3,1RO? 2_9.3 • 3_'99 .015514 34 .liO0

._9'59 3.i_o _91-_ .3_106 .01_630 3_.e°9

,::_ 3,2 .c93 298-3 ._389 .015979 5_-_ !

.26_. 7 3._151 300.5 .3 _Ta •olc Qg_ _8,101

, 50 z, 3.22b 5 _cg.o . _, s624 .OIE 333 Tl •_qt

*_37_ 3-23_ Y_9-7 .3_9 .01657_ Sg,6SC

.':'_5 3._379 31_ .7 . _S79 .o16 S3v 111_.222

.o133 3.2_I _13, _' .3_032 .OlT_Tb 161.818

.e3a 3._83 _39._ .30168 .o_o-a 31a.9;

.cce3 3._88 _3.6 ._1_ olal_ 383.B_

.o018 3.249o jM;*3 ._187 *01831 k99.17

._7 3.2_9 ! i_T-6 ._ _189 .0183_ _7-95

.o014 3.249_ 3_9._ •_919o .018_ 479-39
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TABLEX.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINTO
ATMOSPHEREOFEARTHSOTHAT _7=o=i.O; _a = -0.06, Zi = _i×lO -_, _r = 900 -
Continued

(e) Vi =_, 7i = -7.639 ° , e i = 1.9867

I

l Vr z

1

1.73ma_ 1.7917 O.C_ODOI7

i.g310 !.792* .0C00_35

1,730o 1.7894' .c095623

t._80 LT_? .0038_

1.7250 I,F_! .O0_%6

1.72OO 1.779_ .018_9_

1.7150 1.974 _ .O2682

[.7100 1,769'_ .03_7

1.7OOG i.759_ ._

1.684)0 L7199 ,07_

1 .f_6oo 1. _-'r2*oo .o9791

1.62_ 1.6@_] .13539

L6OOO 1.660,. .15!_

1.550o 1 .£icc, 181_,_f

l._oao i._o, .21m,

L_5OO 1 .Sl_J ,2_3

:..30oo 1,3e_c .23a,3

1.2_O0 ! .31GG ,2_!

1,2000 i._0o ,2_9

l.l_oo 1.24o6 .e_

L,160o i._oo .e_',_

1.ieoo 1.18ca_ ._o_e_

1,0800 i .l_aO ._3e8

i ._-oo i._oo ._88

i .ONO0 1.iooo _

1 .oeoo I.O8oo ._

! .0000 1.0_0o ._161

.96c_ l.C_CC ,zo75

.9200 .9_' .199_

.9ooo .96o_ .1_

,88oo .9_oo .I_O
.8600 .9_m .1896_

.8_00 ._c_ .iSTa8

.su_a .88cc, .185_ _

.TSO0 .8_0o ,18_32

.?_OO ._000 .i_71

.7000 ,7600 ,193_7

,6_00 ,TLu:X) .198_9

.6600 .TaO0 ,_0_

.6_O .700o ._-IjZ

.6_0o .2453

5_00 ._99a ,_,'nT

.4boo ._99£ 3669

,40c0 .459_ ,4no

•38OO -4397 ._3_

,3600 ,4197 .1_57_
•3 _oo .3_97 ._81!

,_000 4995 .5a80

._800 .3395 -5_06;

.1600 .31_ .5_3

.2400 .2_3 .59_ ,'

.2200 .279_ ._11.0

,2C00 ,2590 /,_'69

.1800 .__388 _6393

._.oc .if f ,6_

.lCOO .157 o .63o1

.0800 .135£

.OgO0 ._ .5591

.o_oo .1olo ,5_=o

.OhO0 .O861 .3lC_

.0380 .o8a3 .51o7

.0360 .o77h ,918_

.0350 .07_i .5_9_

.
639 738_ o.0001 c, c_5 0

',.533 6314 .oe_h

•_o3 5.319 o312

•575 _.4_i .al5

O69 3.95z ._9

-653 3.530 l.e_e

_,398 3,283 1 ._-78

5._io 3 .i(]I 1.905

2.933 2.833 _.69

-_97 _ ._17 5 .Zl
o89 2.Ol_ , ._i

!915 1.8k6 '08

76_ 1.7c_ , 83

1.199 1,153 ] :._t_

797 .76_ ;]o7

630 ,603 : 1 o7

352 435 '.<' _'7

238 .226 ,)_,

•lq? .l&8 '_f3

125 .L19 5 _a -7983 2.8581

.c59 .o9o _J_5 /#607 2.91_6 l!J _

0_ ._4 _ .Lg,8 .7238 _ .97oi 11%

oI_ ,Oll 7.8_

.oo 3 .9_] 7-_

._m .coo _ .28

oo3 .o_3 ,' 01

.o13 .o13 + 79

.o31 ,_ , .a9

058 ,csa a_

.093 .O87 L .ce

. i39 ,13o ":_o

.195 ,18_ : ,,o

263 ._ "_

.344 .321 O8

572 .6_ _91

810 .DO ..81,

-_5 .891 _,80
i,_4 i.C45 _T9

1 419 1.212. a_e_

1.519 1.393 _-_

!. 634 i._85 #_9

_8 2_6_ 5.33
,o!o _.7o9 5._7

j .61a 3,2a5 5.78

)3_ 3,498 5.9 _

_273 3.780 6.10

62.8 4.073 6._5

5.399 _ _29'3 ,-_

'.8_ 5-o3

6._7 5-38 ....,1

_._ _ ......:
r.86 6.9_ ,/>

_9 %oo <_c

,ao 7.48 : T_
±ooo 8.01 ,ca

_0. i3 8,59 _

L_ _ 9,z4 < jl

±3 28 9.97 _

I4.85 ic,ee _

16.83 11.80 9._

i).44 1_.99 5-0
23.O8 14,_ _.oC

do 16.38 4.i_

:,_L:m 19.13 3.9

t,e._ atLJl e,u4

:0)3 2%81 a .4,a

,:',56 29, tO ,_ _'

I

as I "_ 'rz_ __ jD"T

o o o o2(3

A .c_898 ,oo36o2 .c_
1o3_ .o3_$ ,., ,055_6 ,CO5447 .o1<,

.--7og .l!Oi 38._ .o8031 ._59_ ,06 _

._230 ,i_9 _ _. ,o9361 ,c09599 .l&

._47 .2851 44., .i0_54 -o10337 ,3.e_

,A_93 ,3_m9 52. i .1/130 ,01075J .1_,,

.'-'78 -5377 _r_? -123_ .0n_37 .869

ir_O '7197 (_.,' 1337i .on�me 1.33)

i 3_ .87 z6 ,, ,' : .i_09o .Ola'ae 3 1.7_=
1.:i5o i.{xa53 C-,.i .1_64 .oia4_ e,lW

i_o 7 !.126t 7a.6 .151_6 .012615 a.5o,,

! 4073 1.23_ 7_-8 .15587 _01_75h 2,8_'

i ._,_i 1.7_T_ _37 .17_83 ,o13191 _ ._'_

1.2o77 2 ._58_ '.o .19251 .o139o2 5,_

11126 _ .4167 *.7 .I_54 .o1356c 5.86,

ici_9 2,9662 io±.6 ._91 •013603 6.1(%

al_7 2.7076 :_.6 .210_ .013634 5._72

•_55 _.76ae c*_. ._129e ,o13643 6.32_

,_66 2.8156 ic, .'_ .a153_ ,013051 6.358

.alTO- .015697 6,403

.2_o31 .01_ 6._31

._2538 ,01266_ 6.1,9

.c_7 3.0683 l!_.: ._797 .013669 6 -_71

.r _-86 3.iI_I _.:. ._3o60 ,013_70 6._ec,

. 86 3.eo9_ 1_: * -_3599 .O13671 63,._

. .-r29 3,2542 _7._ ,a389_ ,013571 6 ._j

,4_3_ 3.29_5 iJO.J ,e41_S .O13671 6._5

_ 3.3_19 152.7 .2446_5 .0135_ 6 .k91

_38e 3,38_5 135._ .2_3T .o13c75 6._

j_85 3.6668 ta,3. ._5336 .015685 6,96_

_;57 3.5C65 t_,,, ._%41 .01369_ 6.61_

32_?. 3.5@28 1_ ;.7 .26 D_. .013_ _.7B6

._oP5 3.6192 15:J .S .-_657_ .013744 6.92_

._881 3,5545 i'_.l ._68_7 .013 MO 7,O89

_o 3.689_ r _.4 .2,'_9_ .013_ 7.303
e57_ 3.721o , .f ._7_06 .o13ea3 7.57c

2_35 3,_ :,, .l ._7810 .O13890 7._9(

;ejO8 3.7_ i....... _81o7 .0139_5 8.29e

_z�o 3,8!oe i_.,_ .28396 .o14_6 8.766

2_31 5.5369 17, .4 .286_ _ .oi_75 9,3_e
.19T9 3.5_1 l'.e _89h1_ .Olhl_ 9.99o

_itg_ 3-i_'8 l_,a ag_a .oI_3_3 II.657

.1,,O8 3.9283 189, .29675 .014_17 12.6_

1620 3._7 _ I_ .T .a9893 .0145_ 13.865

_,37 3-_51 19'; I .30099 .01_18 i5.eo7

]*_ 3081_ 1988 .30'291 .01_7_4 i:..73o

.]d?7 _ ._)65 :_o[ .... 30a_71 .OlZ_33 !8.4y_"

_97 4.OLO3 _o_ 5 .30_ ,oi_5_ 2¢489

.]_19 _.o_o 20_.2 -3o797 .015_'57 22.569

_i4o _o3_5 zo_ .309_ .o151Tl -°5.o!4

:,,8_ _.0_51 212.5 .31O81 .o15O87 e7,7")5

._2 L0635 el'L( -313_9 .o155ai 3a .z_55

u,,59 4.0787 eez.< ,31_a6 .015_9 _2,_h7
_.87 4 .t'_._e • o .3!6_4 .015,880 J_7.SL o
-_,17 L09iO _ _ 41736 .OIAO01 5a.T95

.o5_ _.o9_ ;_e;,_ ,31822 ,01_125 58.997

,O_al L io_sl _,_ ,_ .11978 .o16378 7_ .O8_

•0j63 _ .lO88 _j/._ .3_049 .016_ _3,3_

-o3O8 _._2o _c _ .32115 .O166A3 9_._9

_Sg 4.!i_ ;:_ .321T7 .01678_ 1o_.553

.C_iO _.ii73 _i "_ .3_35 .016926 lai.3_
,Ol_a_ 4, il'9_ ........ 3_9 .o17o79 !]9,_44

.0_o 4,12_. _::_ .32339 .olT24_ 161.2_

.oc97 ,L 12_7 _:,;, .7 -3_385 .CiThi9 te9 .o_5

.o269 4 .l_a_o 2599 ,3_h26 .o17617 ._5.97

_a. Llz', 5 _68,_ .32479 .oie_Ol D9,_

.00_8 4.:_57 eTO ._" ._.48_ ,018090 345.97

.oo_3 4.12_9 T_._ .3_494 .ozs_oe _sa .69

.0¢_0 4,1260 a>,z ._4_ .01_,260 4o3 ,ZZ

._18 4.126_ u,,_o .32_99 .018337 _31-9%

,00_ 4,L_63 Z77.3 .32500 .0183_ _5_.O7
.O0!h 4.1_4 _,'_._ .32901 .01_70 -87.13
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TABLE X.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INT0

ATMOSPHERE OF EARTH SO THAT _ =I.0; _ = -0.06, Zi = _i×lO -6, _r = 900 -

Concluded 7:o

(f) V i = 2.0, Yi = -8"2°9°, ei = 2"9727

2.000_ _ .0_94 0 .CO00C_O 5,2(_9 7-971 c: OOOi r:r_7 0,0031 0 <' O 0.0001,999o 2.0585 .0o00_2! ,.991 7.571 OOO8 o21_+ 9.9 c J.h39 .OO159 .t_c,

1,9980 2.O576 .Ou(:X::'TLI _,,geT 6.7a5 00_.5 92O ,O112 U?..3 L::_986 "O0395, .O'U:

1.9960 2 ,O55,_ _,,]12719 h.681 5.51_ _8 ,193 .063b 2b.3 .&'_89 .c<_]'17:_ .019

1,994o 2 ,O53_ .''O_62] ',.02_ L877 ,293 qi71 _135O _0.6 c:7t_l .00_5_ ; .o7o

1,99'2o _ .O51_ .c<_59 '*.676 b .Silo .51_3 -665 .19_9 33,9 .c_31 ,00,929 _ ,I_

1,ggoo 2,0kC_ .c,12_75 4,_b7 b.317 ,797 r8_7 ,_hgb 36 ,i __767 .o09T2aa .lCO

1.9800 2.039 _ .<3166 _,839 ).T26 i.999 i )730 .63]O 42.0 1019O .010_ ._79
., L9_6 _.91_ ] .I*08 ',.08 :3CO0 .STa6 _9.2 ._:958 .01,/,,?._ :_','1.gToo 2 .o25,

1.9600 2,019 _ .,2',523 _ ,_ ].I_ _oT i ',o39 .6@98 '+7.5 .]3_O0 .011_7o ,99t;

1,9_00 1.999 c,_.72 , .9_3 2.86_ 86 i ,'6.75 .8_66 5O.8 .]._P,_ .011.._, l.n6 ',

1._oo 1.9T9_ .:12G _.TZl 2.629 ,,43 ! _5O5 1.09'_2 _3._" . ].:8_0 . O12_a_ t a_,,
I.gOOO 1.999_ iI-_ b ,_.518 2 .b_+l __8_ (_30 l._Oa7 95.2 .Ij328 .0121,9_ _.29

1,8_o0 i .91CL' .i _7T2 ::.11:6 2.078 11.70 27_ I ._218 _g.2 . I_3_ .0]28,6] 3.2C_

I,_00_ 1.86oo ,go6 1,_62 1,502 15.88 : :,9.27 1.7_32 _q,_ .i_i ,o13 ii,. _.o]i

1.79c_ 1.81c_, "'60 _.628 l,gT t* Ib.5o : 5567 2,0331_ 0_,2 .i',99_ .O152_a I'.731

1,6/_C0 1.71_s, j279 i _7 I.Z'03 174_ 2 229o 2,_901 _.I .]_,578 ,0135_ 5.952
1.60o0 l._Ot _"99 i.o85 ioI_9 1787 2.1267 2,63_0 _._ ,17o37 .0136_9 6.t_8 :

1.59oo 1.61cc ,_;9O .936 .9Ol _6ce 2ooB9 2.8O77 f_.7 .!r_,76 .o13727 6.95

1.gooo i.%@, .3,8,,?, .799 .76B L,'_ l. USlO _.9699 _7.o . "899 ,01379! 7,36a

i.I_5oo 1.51ra; _,'3I_ ,6T. .665 1r.6i i, tl_71 3.I_9 _ 3 1,31_ .o138_4 7.7"2 _,
1 ._000 l.Z_50c _,,5O .9_3 .53o 1.13 1.61o7 ] ,2677 81,6 l_7_b .013_88 8.03',

1.39o_ !._l(x: _733 ,&_b ._2_ i, _9 1.47%1 3._O53 8_.0 .1a3_ .o139e3 8._9

1.3000 I.]60_3 _,187 ,3_ .]28 1 T_ 1.3_97 ].9)61 g6.6 _ga] .0].393! 8._

i ._000 1 .a600 .3919 .ITl .163 13.97 1.0833 3.7798 .q_.l C3_ .013986 8.7._
1.1900 L2100 3_0_ .i05 .O_ i%_ .:6_8 3,89]6 9._,I ,20_0 ,013999 8.880

i.iooo 1.160,3 .3273 .0_9 .o%5 1;%Ol .,515 4.O0_3 _._ .2_69 .oi_o0_ 8,9a ,'

i .o5oo 1.110:3 .5131 .013 ,012 1!.O2 . T_q68 _ .I063 101,9 .21736 .OltmO7 8.9 'I_
1 ,ooo0 1.060_ .2_3 .000 .CO0 lO.06 ._0_ #,_ 105.8 .Z2Za3 .01_007 8.9 a

,9500 1.0_0o ,29_3 .oo_ .c_ 9.68 .rlb_ _ ._bl.l Io7,5 . -_2_ .o14oo7 8,9a,

.95O0 I.O_co ._861_ ,olo .oo9 ,,31 [79T _ ._818 io9.2 ._.1628 .OlbO07 8.95±

.94OO i .9o¢x) ,2805 _c.e3 ._I _L56 . b'46_, a.3188 I11.o .2836 .Oli'Z)06 8.99:

,!_oo .980c, .27b 9 .oae ,o39 .61 .b145 4,355O 11_.8 :_O_B .Ol_aC 9 _._6'

.9ooo ._ac(:, .269b 067 .c63 :.28 ._8_i 4,39O5 llb.8 _263 .01_O11 8,951
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TABLE XI.- VALUES OF Z FUNCTION AND REiATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH SO THAT _7=o =I.0] _a = 0.06, Zi = _ixlO -6, _r = 900

(a) V± = 1.io, 7i = -3"532°, e± = o.2185
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TABLEXI.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINTO
ATMOSPHEREOFEARTHSOTHAT _7=o=i.0; _A%= 0.06, Zi = _i×lO -6, _r = 900 -
Continued (b) Vi = 1.20, 7i = -4"877° ei = 0.4466
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.oooi a,ls-q 518. t_ ,5367_ .oeoo95 ia_.o

.oool a.l&e 523._ ._371.a ,oec_3_ 4_L8

.oool _. 15",'z _29.9 .33762 ._OL'D3 a:l.l

,c<ml _.18% 539.6 .53836 .o'ao_3.q _ :9.9
.oo_ e.18e 560._ .53993 .0_i057 , ._8.5

• _ e.x8 _ 599.3 ,5_7 v .eal6_ ,,.,,Lo

I01



TABLEXI.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC E_fRY INTO

ATMOSPHERE OF EARTH SO THAT _7=o=i.0, _a = 0.06, Z i = _ixlO -6, _r = 900 -
Continued

(c) V i = 1.30, 7i = -5"763 ° , ei = 0.6938

i i

'4r _ _r _ I _ % _ I _ --Z

I I

L_cco :._,o1 , _ceou7 3.3 % ]._ .OT_ .0",6_ .c6_ _,9 .lC_Si .COt,,,:: ._

_9_o !._51 010591 _,537 _.8, ,_[_ To_ .l_, 87 1 .137_ .Olt ± ,2_5

]._ L_O0 ,m_ l. 86_" L9 : 1.0t -_ .273_ .3,3L i lO%q .I_U_ .ol: ; .4 .f_l=:
I ._o_co 1.2OG'O . o_731 ]J<_, !.9 1.622 ,_3_9 . _._, II_,_ .15699 ,{n ,4 _,12_

tABoo 1,1_co .o_7_o .61_ .o _ ,_9 .3_e6 ,-_ 1_7,P .23CC0 ,Ol; .' ;',_"_9

1,1e, c_ LC4OC .098_8 ,±99 ._ _,_ .3373 L13¢ 1_9.7 .261_7 .o_,, ;',697

Lrmoo .ge-_ . ogT±z .03_ ._: _,_ , _eer6 L3_ 187.] .28_17 .oz; -, 2.8Ol

_on ,9ooo , oc_x_ ,tmo ,c_. 2,_8 ._235 1.5_:, 213.6 ,316_ .ou - :_,819

.,_oo , ce_37 ,_71 ,= _.io +L868 1.75_ " v3e,1 .31_o,q ,o.u ,_ _,9-m

. P_,rm ,_c_ . _9_93 ,55e .y_ _.t_ .1701 1,853 251,8 .3588B .o_ ,o 3,31_

J,'a z_ .{/.4"#_ . i8oi_ _. ti_ _,_, 3,2Y .1t.3_ _.] 1,¢ 297.5 ._D_o ,o1:= 7+505

.6oce .5_01 .y*eo _ _D* 3.'?' 1<99 .llVO _.-_33' 3_1-9 ._309 .oI_'_ iT.i,:,:,

+5_o0 .5_o1 .3_6! _ 6_0 5.26 .1133 _._7, 319-I ._42 .OU,_ck z9._5:2

._600 ._CC,_ _175 S.1_5 5-9 6.U5 ,o71,3 _.305_ 3_1.9 .'_3609 .ol:_, 40. '

.3_*o0 ,2_c_ ._2c_ 7,06 g, 5,' 6.39 ,o_3 _.33_' 357.1 -_3_g 81. "_.

._8co ._2_3 _.1oi5 8,37 le.*-- b.¢> .Cel_* _.31_u }65+3 .M_658 .olt :: il_.rs_

,_5c_ .2C09 .16_9 8,89 ll._:, 5._5 .01Ta _.3_7 36_,3 ._'i_5 .o17;, : 13a. _,<

._o_ .1613 .3e_o Io. 17 1_._ _.69 .olo3 2.35o 379.o .4_9_8 .oI_ 180.2_ •

.2_C_ .!_le ._127 ]_.95 15.5, _*75 .noTs 2.3_51 378-8 *_0%5 .OlT[ : 211.3:

.le6o ,1219 .51q_ II,_ iT.7: 3.76 oo53 2,392, 383.1 ,_51_ 3 ,o17 2_3.:

.iooo, .o_7o .5657 18.36 _2.o i.TCe ,ooo 5 2,35k ',12.7 .4_,_07 .oli _, 769."

.o8oc .0316 ._, v_.3u 6_.9 1.36_ .ooe_ _.35a _30.3 ._5787 .oV._ ,, 1386.' '

.uToo ._? .oct! I_.59 TS.T" 1.2_8 .oooi 2.3_5' I_6.3 ._99_ .02t<H' 211.6.

.Ot_mT. .CCOt r .k297 ]_._ _W.3: i._ .0001 _'3_5 _ _57"7 .i_Ol_ .e'z£;.e 2531

.o%o .o183 .,_47 z6.59 8p._: 1.168 .ooo_ P-3_%_ _67-_ ._60_T .{_: _ _=: 3_so. -

.<_ .Ola7 ,5374 _ 7h 89.1: 1.1o _ .ocoo _,3.5D _-88,6 .i_62_. 9 .o21 t7 5o_.7

. t2.lo .gl!O .773_. 1o. 35 _)._ i._c_ .oco_ _.395 _@J-3 ._65_9 ._], BTl,1.
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TABLEXI.- VALUESOF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH SO THAT _T=o =I'0; _a = 0.06_ Zi = _i×i0-6_ _r = 900 -
Cont inued

(d) V i = _ Ti = -6.489 °, ei = 1.0000

z

: ,_15 h35!44 .uuol_. ,

, LalO L35h3 ._ '

[30 : ]_3_ . cceg_

, Ho 1,35_] , o,l:_,

, ,_c '_. Y*5_ .oira

;_ge L28_x) .¢_5"

+,>3 1,18oo .±559_

zoo i.l_m_ .1.1o:

bOO _. 10(30 ,I_90_

I._ .lbSa '

, _0'3 3 ,_Yo .16_h ;

i, _._, .qeco . laO59

.,_ _ .i351;

.%_C4] ._OCO ,128_{

. _oe .78OO _3c;_,

.6P_O .iTo_

. ,,_,o ,6_oo ,_m7

., _,-,n ,6_ m z2c_

, rK:,2 .6001 .2h25

. _.s , SPOl ,352o

.L3C_ ._ 53B1

. u6oo ._,qo3 ,581_,

. u,_o_ .38o 3 ,6p68

. lIe_ :,6o3 ,67_2
,,,xm .34C4 .?_3£

. -;_{.3 ._80S .t_52

. .__co .26bl; ,94_1

,:300 .L:9O8 i._¢1>

!.c_ .1Hll i,2IYI

• _c.z, ._13 i-3oo3

• _CC, .1219 i. 5C/_

--_;r .o_Ti 2, 5661*

. ,_x? . o39e _.975_

, : 6,Yo r,,;_ _ 5,5139
, ,560 , C_07 e. _99

• euO oI_ 7._2_3

• 6io , Olio L7.3_56

a.919 s:_ ,"

2._o 2.

±.67_ 1. ,.

.9_a ,. ,

•Tg_

.6_1 :

•__ ::

.088 .-

.C,'A . ',

._7

.276 , ,,

.517 , i

.6J38 .

_,65_ L _,
1.886 2,

P, 358 2. _, _a
_.601 2. _:'::

3 c_e _,, ,:?

3,6O8 _, :i.,

a.135 zh'_T_

a, 9.,,6 _ ,::
5._75 _, e

_,_s 7.'
6.62 7, ,

T.O] 8. :

8 ql Ii, ,

9.53 _a.

11.96 17,'

16 2_ 3!. :;

_9.59 75. ,"

18,g9 79.

13.7_ _9.

m,3_ 89. ,,

6.28 I
6._ I

6.15 I

6.01 I

_.e,o I
5._ I

_,61 I

u, 19 I

_.73 I

x.;_ I

P,l_, I

i. 5i,> I
1.36,, I

1, 3_i I

1._Y I
L 16_ I

1.1_ I

.6aTt_ q.559 ' !Cg,i | ,39c93 .01615g 41.196

.c412 2.5638 _,<," i ,39P]2 .o16_88 ,99.0_0

o3_ ;,>e_76 " .,+ I .37 <e6 ,0161_,_5 ,'8.io_

,o_cm _. _70"] ,. I .39_36 .0!65E4 _.5C6

•c;yn P.578_ ,, , ._7_5 .O17005 :_1.7o3

,OO75 _,_830 _F I ,_OC_O .0i75i9 ¸¸9,15

.co9_' _,561.C ¸ .... I ._0 _ .O17721 _0.77

Ooes _. 586.e , . I ,h06_ ,0i896T ¸,,9.9'o

.(xm,' _.5A_4 : , ._C_a 5 .0i98S9 _,iu.69

.,"gOZ 2.5865 _'L_._ I -a!e_5 ,_c6u_ m.]

.c_ao 2 ',866 " "._ I .ai2_ .c_i06T ,_,_

,cx._xl _.5966 ',' ." I *_!5 ]o .cei635 ' 'c.T
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TABLE XI.- VALUES OF Z FUNCTIONANDRELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH SO THAT _7=o=i.0; _a = 0.06_ Z i = _i×lO -6, _r = 900 -
Continued

(e) V i = _, 7i = -7"7 01°, ei = 1"9865

I I
i.732o_ L671, o. C<X_r*T %To1 ?.9?6 3.oo01 _.0047 0

1.731o 1.671g .000C_38 !;.603 _,S_O .OC_I ._35 .Otto

i, 7300 L 67c 3 .0005938 5.565 5,765 .0287 . O863 .0e93

I.7_d80 1.668_ .OO_3T5 .<61_ _.7-_0 .ml _233/_ .o9_5

t.7250 1.665_ _ .OIO9_.2 _._o_ _. _51 .527 .3676 .163B

1.6600 1.6¢_i ._1351 m332 _._19 5._ _.O71_ .75_5

1.6a_oo I. 9_oc .i_810 Lga9 2. c_ 7.13 L1861 .973_9

1.6ooo l._oc ._771_ L797 1.867 7.8B i._z53 i. o59e
i. 55o0 I. _9_c ._17o L_83 LSa.3 9,33 _, _379 i. _837

i. _0oo I. 3_oo .LmJ69 .&tO .BS? _.l. c_ LO893 I, Tg_O
1.35o0 i. agO0 ,_gT_ .651 .681 tO,_) LO07_ 1.9_66

].25cc 1,190¢ _03o ._6_ .3B_ LC. 30 .8_96 _. 19_I

I._000 l.!_O0 .a993 ._8 ._61 9,73 ,7_01 _. 3115

I.18O0 I. _oo ._97 t . ,_c_ . _17 9- _7 .7O'50 _. 3567

i. 1600 i. tooo ,_9_ • 16T . IT6 9. al .6T03 -". 1,0O8

L z4oo i, o8oo •_o9 ,131 .139 8.93 .6363 _. _I

I. o8oo I, _oo ._785 ,0_7 .05o 8.09 .5389 _. _

"_. osoo 1. oc<x] ._737 *_7 ._;e9 ,'- "_5 ._0_ _.F,OS_

t.o_oo ,9_c_ .2637 ,oo_ ._o3 7.1_ ._99 2.6853

.9000 . B/,CO ._3h6 .IOO ._o7 S._ .3_5 2.8975

,8BOO ._ .23O8 .I_9 .160 5. S9 • i'8_ 2.93(]O

.8600 .BOOO ._77 .ml ._2T 5. O8 ._635 _.9616

. T,3c-3 .T_OO . a'Sh6 .597 .6_? _,t_8 .2c_ 3 3. o779

.T6OO .7oco ._69 .733 .796 _._9 .187_ 3. loz_

.7_00 ,6803 -_3O8 .B85 .963 _- 3_ .1756 3. !_9_

.7_ .66C_ ._3_5 L053 1.1',9 _._9 161,8 3.153o

.6800 .6_C_ ._537 1. _-38 :,.577 <30 . :._56 3.1965

.66D0 ,EOC_, .26_6 i._ L817 _,._5 ,k370 3._162

.6_00 .58ce .a797 1.88o _'. 075 _._I .'_ 3._3h5

• 5800 _c_ .337i 2.638 _. 9_,3 ,u "r_ . _073 3. _815

.51*OO ._ .}885 3.!98 3.597 _-gT . "_939 3. 3067
•_0o . _ol . h182 3. _9_ 3.9_7 ,:.i/ . _87_ 3. 3176

. _,00 ._r2 .56k5 _,. 780 5.533 5.5T .0E23 3.3516

.4_ .!6o3 .6O83 5.133 5._7 _.6_ .0563 3. _550

. _ooo ,3_,0_ .65L'B 5. 503 6. _T2 _. _9 . ,_Ob 3- _3T

•36o0 .300_4 _757.o 6.30 7-56 _.69 .039_ 3.3733

._0o ._ .ST;_ 7.20 8.86 5.5_ .C_ 3.]B_rf

.:_,oo , _cc'_ 1.o773 8,8_ II._7 5._ .016_ 3.3585

._o¢ .18_ i.157_ %}o 12.6_ ;.. 7_, .0130 3. 390_

,_0oo , i_'_E 1.3_ 11. o9 15.77 _.o5 .o07_ 3.3933

,iBoo ,1_2c 1._63B 12. O8 17.99 _.63 .co_ 3.39_3

,I_ .O8_ LT_3e '_ _.68 25.19 _.65 ._ez 3.595T

.C900 .0391 2,974_ _-9.67 50-75 1._17 .00_ 3.5e_66

.OT}O ._-.e _, 1T95 _0._ 6S. 37 1.3).3 ,"_ 3,_7

.O7OO ._ 5. C_9_ 1o.61 75.8?, i.z_i ,aO01 3.3968

.C_80 .S_z_ 5. 513_ 19,0o 79. oe L_37 .ooot 3.3968

.0660 ,C_07 6. _a'89 18.07 8_.% z.e_ .cOO1 3,_968

.0_0 .0182 T,_31 _6,59 8_.8_ z.168 .cOOl 3,19S8

. o6a, o ,0t_,7 zo, 53_ ILT_ 89.1_ 1. is5 _ 3.39",9

o o. ,reST6 0 o. C_>e13.7 . oo36o9 .0_

26.6 ,05595 . OO65O% . otc

_,_, 8 . cg_,29 . C_9T_9 .19o

53, 3 ,:1196 . Ologl 3 . _2
55.6 ._1693 .0112_i .7o3

59. 2 . l_-_Y .011601 i.oo:

6_. o . L3423 •012O8 5 I. 55_

67.5 . L_lSq .012_2 2.051

70. 3 . k_709 .012615 _. 5c_

72.8 . L5195 .o_ 2.9:

79, 7 . 6535 .01318_ _. _ot

83.8 .17311 .o13372 _.95 _

8% 7 . L8OO8 ,o135 o_ 5.6oo

95.1 .i_@i .Ol _6r"P__ 6.606

I_.8 ,20'k96 .oI_! 7.E7i

IO8.9 .2110_ .O13871 7. h67

I08.6 . 1355 .O138&i 7.553

110.3 .216_ O138L5 7.6_

1_2, t .21859 ,0138_ 5 7.65_
flU. 0 ._i17 , o13_" ] 7.69O

117•9 .2"26_I_ .Oi_'i' 7.735

_o.o .2"J915 .Oi_9 7.7_7

LRR. I ._3191 .O! 3_7c 7-75_

_6.7 .2376_ .0i387[ 7.Y_7

L29.1 ._7 .01387o 7.757

131.7 .?_3_9 .o1_7 C 7._o

13a, 3 .26668 .013_77 7.7_9

140.0 ,25_07 *O1_8"_ T.81_

1_3,1 i25637 .01_ T._'9

:._5• 2 .259_ .0t38_ 7.9_b

1_9.5 .25313 .O13911 8. O50

?._2, 9 .266=_ .013931 B. 19_

L_. h ._7006 .015957 B. _7

USO. O .27355 .O13989 8.6_

i63.7 ._77,0_ .oI_o30 8.957

L67, 5 . L_Oh 9 . Ol _c_5 9. _5_
171. _ ,_ ,O!h136 9.@V.

L75. _- .28721 .olq_ io. _ s

iTg. 0 .290_h .011%9T? ILIg!

I_P..8 •29355 .Oih361 i_. O71

186.5 ,2965_ .Olhh53 13,113

190._ .29938 .01_553 I_. _39
193.8 .30_O8 ,O1_659 15.7"2

197 & .50_3 .OlhTTO IT. _J@

eO7.5 . HIlly . O151_i _Q. 1_'7
210. 7 , _131_ .0152_7 _ET,o_

213. B , 31 _77 , O1538 _ 50. _'t

216.9 • dlT02 .015517 3b. lfi3

219.9 .3'-_67 .015650 _. _gT

_i_. B . _2168 . O!5_l hg. 109

_28, 7 .3230T . O16O59 55.6o_,

_31.6 . :2h38 . _6199 63, _o

137.5 . _ _rk_' .0_.61_ 7 81.79¢

2_O. 6 .32797 .016637 93. :_r_O

_3. T •3_9_ , o16_ 107, _,I

_5o. 5 . 3:19 .0171_1 1_.655

258. _ .7332_ .017_9i :_01.93

_. T ,33_ . o177Ce _3,

_7,_ ,33531 . Ol_9_7 3GI- _7

_%. i .5_6_,1 .018210 3B5. _5

[_Sl.9 .33761 .0185_ 5!9, 8,_

29_.T .33898 01B977 T68.65

3oo. _ .3_0 .0190_ 0 991.5?,
310.2 , 3'_(T_ .019617 1367. _ h

317.0 .5_15T . o198_.o _ ._._. _

337.6 .3_03 . c_o_ 5 L:_B3I. 3

3&7.3 5_'377 • Or:'06 _ 5 3_T9. 6

405. O .3 _ . _16_ 8521.
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TABLE XI.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF EARTH SO THAT _ =i.0; _a = 0.06, Z i = _iX!O-6_ _r = 900 -

Concluded 7=°

(f) V i = 2.0, Yi : -8"271°' ei = 2"9722

,999c l._l_

,996O l,q_-

•9940 i,9_- J

=.9Seo '-.9_ ¸

L.9900 i.93Q

_.9_50 1.925

=.97t_ l,glo

1.9"oOO i._i

±.85OO i.TgC:

I._OO I.T_(> ¸

7oc_ 1.6_O

L,65_ i. 59_ ¸

1.6000 1,5_

i.500O 1. _'

i._500 : .39_<

I._OC_ i.3_C ¸¸¸

I.35Oo I._9_ ¸

1.3Ooo i.2_t.

1.25cc i i_

i._O_ I,i_( ¸

,n_o ,S60:,

.Smoo ._Cc

•7BC_ .T_':

.T_C_ .68c

.66OC ,6_,

.SbC_ .48C_

,a_te ._tz

.BSOO ._ :

.3o00 .?_,

,IBo_ .ia;,

.O8O0 .o31

,o_5o .o_ ¸'

.oyoo ,o_ ¸,

,C(6O .o_

.C_O .o_ ¸¸

.o_io .0_ ±,,

• co95_3 L 7wl _,_,_7 . : •, O8 .17o9

• _'TPS_3

• 'J35m'_

• 07_23
,leeca

._=Yo

.31_6

• 35a8

• 3P,o5

•,*o22

._3_

• _ j'Fi

• a,_.l

._153

• _E9

• 3_7

• 3387

• _<318

.31_.S

• 3i_8

._73

._rBo

.;9_5

.z_9i7

-_53
.313a

.35O

• 3_3o
,37i_

•_159

• _o8

•77D

.BgU8

_.o98
I. I18_

L 7797

5.>Ii3

._I t,.o(_ .,

_.:_ _..,,3o ,._,,

•ig9 _.26_

.90_ 1.97o . _3
_.669 1.7_ . .,_

].b55 1.518 ],,.T5

h_83 1.3_ i ,'. 49

.967 i.oo_ _ .;9

•_97 .7_7 . 'G

.57_ ._ce

_8

. i_i . _90 . [q

.io9 ,lis ._

.ooo ,oc_ '?.3_

._!i .Oll :.57

.c_5 .cet : ':c

.o73 ,o_q ,.5o

.iio .1]_. LiT

_ I -_ _-

ii,i ._ .o_, ._,,

,' 2._ ._15_ .c.,&=,c@ .oo9853 _'i_

. ,aa .3c_ i], .c9e.7o .m_oi ,_al

,. .... _o_ ,_ .:_,_ .o_,m_ _._

o3 i. 339_ •_ _50 .oi3_o 3- 6_

• 97 i.T855 . .15553 .ol_9 5._E_

. :1)9 3.1773 ,,. ._'_36 ,01U]5_ lO._',

• ,]_ 3,_712 :5 ,2,2677 ,01418h I0 _gl

.'_933 3-&_79 . •: .;> )£2 o]_l_ ic, =,81

• _30 3.68_8 .: .2=$0C .011_19._ r. r-,B_

,_ _._s _ ,_7_ .o_._._ _o,,_
, _7 3.8591 . .2_2_0 . nllol = I c. 7'_

. _ 3.9335 • .2>_ . O1_t,_55 il.2a_

)7o S _TS_., ,c_568 .C,l_31_ ll. T7

• 1366 4•0751 _.! .26913 1'l!_5[i 1_1.70 _
•L27I _, _12 . .P7169 ,Ol _631 15. T_

,11_i il, ioi:_ . .27_19 .Ol_Tl_ !6*b_T

'7_-, a,17_7 ,. , ;Ti_ .m53t _.5_,

• !160 .Ol_7_d 1o3.1_,

. _272 .016E5_'_ llg. b2'

. ;915 .oimT, _1.3_

• ,035 .Ol_Sl 516.6(

• _Z55 •ol_ _m 3s

, i333 . o199g_ 136_,T?
• : I_iP , Ol_J.d 16El ,13

•958 I.o_7 17

:.}Ii l._; &,95

_:_ _._....
. _.181 i*.9_

_. rt_o 3.105 ,.m

L367 3.K _6 [,.i_

•.o_, _.639 i _

.97 6.62
' .Ol ;._i

, ._8 7._ .37
' .97 8.5T M3O

.51 9•37 ,Ig

,o8 lo•;T ,o3
'_,, T;' Ii.31 _.83

' ,55 31.85 ;.rr

, '.T5 5o,_ i._o

*.63 _5,_3 1.26_

L ,,Gi 79.O3 _-_

i_ ¸, 59 _. _ , i_
13 7_ 89.1_ _.iC5

.i ,it,z _.ppso. i.._

• _. _.;3_5 :;i:a

,_3_ _._v :3%9

• ,,C_l b.2353 _.P

._on _._,357 _Oml

, _ _._o 6C._

._c_ _._3 _Ss.1

. ;c.oi -*. p_,, 15J-

zo5



TABLE XIi.- VALUES OF Z FUNCTION AND RELATED QUAf[T!TiES FOR BALLISTIC ENTRY INT0

ATMOSPHERE OF MARS; _i = 1.00, _a = -0.07, Z i = _iXlO -6, Dr = 200

(a) Yi = -5 ° , ei : 0.0872

I _r z

.oe_o _._9_ o._ ¸'¸:¸

= oe_o ].o_18 ,_L,_ ¸

.oO5o _,o_ .oo_, r

¸,OleO _ OV_ .COO( ....

.O150 I.O8_ ._,_ _,_

. O150 I. _ ._

: ._0 _.O7_ .O17_ ¸,;

._O_ 1,059_ ,O3276

.98OO I._ .O_2a' ¸'

.9200 ._)_ .eg_,

.g_oo .9_98 ._359 ¸

.?8OO .8a 97 ._ 31Z

.?6O0 _ .2_of

.68OO .7_9S ._z_

•66OO ,,_5 •3_9]

.6OOO .669_ .60_9
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TABLE XIi.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF MARS; V i = 1.00, _a = -0.07, Zi = Vi×lO "6, '_r = 200 - Continued
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TABLE XII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC _Y INTO

ATMOSPHERE OF MA_S_ Vi = 1.00, _a = -0.07, Zi = _iXlO -6, Br = 200 - Continued
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TABLE XIIo- VALUES OF Z FUNCTION ANDRELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF MARS; _i = 1.00, u-a = -0.07, Zi = _i×10 -6, Dr = 200 - Concluded

(d) 7i = -20 °, ei = 0.3420
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TABLE XIIi.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO
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TABLE XilI.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INT0

-- = --X -6ATMOSPHERE OF MARS; _i = 1.00 u a 0.07, Z i = V i i0 , Dr = 200 - Continued
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TABLE X-Ill.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF MARS; _i = 1.00, _a = 0.07, Zi = _i×lO "6. _r = 200 - Continued
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TABLEXII!.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINT0
ATMOSPHEREOFMARS;_i = 1.00, _a = 0.07, Zi = _i×lO -6, Dr = 200 - Concluded
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.OYSO .am, 8.o176 '_.7 9 8_ 75 i.o'_ .,c_m 5!08 1130.9 .;_.8_o .,o92_3", 1511.80

.o7_o .oI_ 8. c_26 13.5] 89.98 _.0o3 .,col .5201 lSoc. 3 ._,e_-5 . _,66_o 1579.73
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TABLE XIV.- VALUES OF Z FUNCTION AND RELATED QUANTIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF MARS SO THAT _7=o=I.0; _a = -0.07, Zi = _iXlO -e, _r = 200

(a)Vi = d2, h : -z3.58o, : z.oooo

:,_14o i._-31

• _13o I. _24

:._ioo L 4"_95

:._o5o I._7_T

._000 L '_%9.?

.39_o L4_

.9800 i.___

1.36oo i,_

1.3_00 i. 4¢9.9

• 3ooc I. _zoc

_. 2800 I. 35o0

._ l. zZce,

L 1500 I. a%m

,16oo 1.23oo

<P.o_ L_'wc

< 1200 i. I'9oo

i.iooo i. 17oo

i._0o l. ;5oo

/, 06_ 1.13oo
L 04o0 i. :_io_

1.oooo Lvroo

•9_00 i. o5oo

.9600 I o_ce

•94_ !, o_c_

.9,aoo . ,_.us

.9000 ._7oo

•85oo 9_oo

.86oo .95oo

.8_o .9:0o

.aeoo .s_mo

• 60OO .87C0

, ?800 , SSO0

.7600 ,8-%:_)

.7_00 .S099

7_00 .T899

•7000 .7699

• 680o 7_,_

• 5_.0o ,1o97
6200 _6897

.6ooo ,6696

• 5600 .6_'95

,5400 ,6o9_

• 5._0 ,5893

i 5_ i 56_

• 4_oo . {_o

. _4_ . _c_

J_ooo J_a_5

.3600 . _-_i

• 3400 . _.o-_

• 300o . _Y3

,:?ZOO , _69
. t600 . _5

11600 . Zd_]

.lO00 +15_

.0900 .ILg_
• _5o .13a3

iOT50 .l]_

._7_0 .lOG6

o
o, _[]1 I, l 9. 580 12. 945 o. o_31 o. _33 o c I o o

,O_0O37Y IIi_55 10.9 I_ ,cc,08 .o16a .(•:_._ I14I, _07_17 .016_9

.000159') I0._83 9. b_'_ .u035 .o_? .cvi_ ri.1. c . ii161 .o2_91

,l:ma,_7 9.953 9._6 ._'6o i_45_ .c :.,: 19< .1f_59 .oa63T9

7.c_I T.6O6 .i :_ .13_a .o_,i: _3'9, _ ,195_9 .o37_5_
T._.ll T,C_l ic_o7 .1758 .lilS 3_i_ .215_T .o_95_

7.0:,8 6,7a6 Ilia ,a07o ._ _F 3_9. i" ._a85_ .o_16o9

.o31! ¸' 4.6.'H 4.4_ .6_+!
• _l:' _ _-. 193 3. 991 . _._

.05% 3.h98 3._7 _..'_

• 082,:.. _. 5T3 _. 441.. ±. ,•r:6

• C99_, 1. 921 t.. 8_1 .:o

• im_c: .659 .621 .

.]all. .2_6 ,563 ._T

•i19_ • .18o •_ .,D7

.1_.t_: .oco .ooo :. _

• 1o9_! , o13 .oi_ 1. T _:"

• lO71 _ .054 o_i :.6,,

.]o_; .1_ .117 1.6:'

.lOe7 .37_ .3'_6 ±. _-I,_

• 106_v I, _33 i. _ 1. -':,T

.IIO_ 1.672 L._37 £. 4 I'i'

.ns:: _.C_6 L&,-8 ±.sn

• 1217t _i 45_ _._ I. 5t]

. I_'_ ( 2i_7 2•638 1.67.

.1_93 3.3_6 3.o50 . _ui
,15':x_ 3,Be4 3I_77 _ :_(

!g_'l _ _. 3_9 _. 822 2• 14

.209'o 5.882 5•es6 , F

._7_ 7. _3,_ 6711 •n7

,2_:_ 8, L-_9 7•199 +:i

.3115 8,7_ %695 :.r;,_

• 334_ 9.3_5 a, ago :. _T

• 359o 9, 9_ & _T • i

.k089 11.345 9•79_ _':]

.511! 14 56 l_,_l

.5609 16._6 13151 _L72

. _B48 17, 71 i _, _9 L 'r'2

.62,yz 20.43 16.1_ ....

• 6,]pl 2_. O7 17. I_ 3• 5_
• 66_, _3, 9? t8, _5 3. J+_

+6955 _.95 20.95 _, +

.TcOz 32,35 2aIe5 .c_ _

.yll_ _.T6 2_.TO 2.B';

• 7_I 51.92 30. 8T 2.40

,7317 5_.69 33.3T :._':

.7%_, 68.62 36.91 .,,,

.78T _. 76.09 39.59 I._.:

•8711 88,6_ _'I, _ i. ?b_

•9160 93, 35 _6. _ L, ,'u:

•_268 . _(_ 5o< T .33oc9 ._1575

.6_59 ._i/ 5T6. 7 + 3760_ .o>_z

•6T09 .9"_V' 603. :' .39_ .055259

•6_59 i. I_6 T 6_9+ <_ • 4_C_T .096396

.6817 _._ 669+_ +_3)O7 .O56T42

•67_ i. _o_. 6_9. 8 ._ .O57O55

.6_5 L __5 TOg. 3 ._o_ .oST3Zl

•6_15 I. 4_93 7_8.3 ._592 .057519

•_ez i. 5J+9_ T4T. 5 .47757 .O5?688

.6•_ _.6_7 T66.5 .48SO_ .05T623

.5"_o 1.7o.o T85-7 ._9@43 .o57_29

-55_3 _. 7_ _ 8O5. _ .5o878 .O58O1O

+53oo 1.5_ ¸+ 8_5.c ¸ 51ql_ .o_069

.5o53 1,9:_'_ _45.3 .5295T .o_IIo

.48o T LS_,: 866.: ._9 .0_8136

•_059 a. ]H __ 933. :_ .5T_5._ .o_196

•386a _. F_._J 95% _ .5B373 •OSBIgT

•36_o a. _:_.: 98_. _ .59511 .o_163

.34_ _. _:'i':,_' lOO&_ .6¢66? .O58151

•3259 a. ;_:.:<, lO35. : .6184o .o_e17

.29_25 _+ _-_L' I091•: .64a13 .0_374

._6% 2.6" _;̧ 1149.'; .665?4 +O58695

.a5_3 a.T'::.:̧ 1179. _ .677_7 .0_9_

.2361 _.T_+_: 12_•2 .69919 .0_95T2

.e166 _.5_ _'+ 1319•_ ¸ .7_SO0 .0609_

.2113 2.9' ,". !3_+:: .T36_ .C61_29

._'C6_- a._,[ 1_7.:, .TL'400 .06197_

+1959 3.+ `¸`¸¸ i_11• .75T50 .O6311?

.1787 3.1: J,• 1_68. .773_ .06_5_

.16_5 3.1 ¸ ,':_ l>Ol. .78e4_' .066,:m'_

•1_4 3-] '+ 1517. L .T86_ .O66566

.I_c9 3.]+_+v 1531• u .789_ +C,6'V-25

.I_ 3.z:,j7 15_6 :' .79a_9 ,0676T6

.I)_ 3._!'_ 1_0. ,' .79559 .o68222

•11%7 3,a _ 15_6. '_ .6013_ .069_6

.11o3 3+_,_ I%'99• _ .8O3"5 ._9_2T

.I019 3.a57 _ 1611. _ .8o599 ,o7o355

•o9__ 3-_-4_ 162< D .8o8o9 .o7o881

•_ ],2TZ? 1636.. .8100_ .O7j._407

.un71 3.;Tg_ 16_.T .8118_ .6_.1935

•_9a 3._ 5.:_ 1661,1 .8136_ .O72_%

•0615 3._o8 1673,6 + 81523 .c'I'3o_3

.0_7'I 3.3C,OL 1699., .81_18 ,074103

•0_5 3.3_ ,i] i713,1 .81953 ,0T_75

•s3_.2 3-3o _¸ i_?. _ .8_-W_O .OTSa6T

._4 3. _i:,," 1T4a• :_ .8e199 .O?Sa_T

•o'a3_- 3- 3] :_ ZTg_,. .8a31o .0T6545

,O?,82 ]. 3_),+ 1776. _ .82414 .o77259

.so97 _. 5::_, 1B22. _ .8_99 ,DV9C13

.SO78 3.3, IL; 183_._ .S_6_O .6996O3

._'X_ 3.3:];_ IB_.I .Be&50 .O7995_

•_0_ 3,3_¸_ ISS?. 6 .82703 .0_1317

.003_ _]! 1900+ 1 .82706 ,_!735• C0_2 , • 1910• 0 .82T06 .08_0_8

0.000

.COO

.COO

•O01

•O7_%

_O7

•3eI

_6_X_

•_5_

•99_

_5_

•5_9

L_6x

I. 569

l.5T_

1. 575

1.575

1.5%
z. 5T_

I. 595
1,615

I. 691

1.755

1+84o

1.9_I

2. _78
2• 732

3+032

3- 785

_. _6
_.T68

5. 357

6. 016

6. T51

lo. 57T

n.796

16. _53

i8. OT3

_o. sT9

22.908

a4.7'91

30.6_

5_.6_I

62• 331

7L897

84. _

ilm. 12o

i14._

]33.719

148. _69

!61, 8TT

_T%99_

IST, 75D

114



TABLEXIV.- VALUESOF Z FK_CTIONANDRELATEDQUANTITIESFORBALLISTICENTRYlifO
ATMOSPHF_EOFMARSSOTHAT VT=o=l.O; _a = -0.07, Zi = Vi×10-6, _r = 200 -
Continued

(b) Vi = _, 7i =-16.006_ ei = 1.9417

J [ I S
].. 73205 J-. 799 _ O. OCO001T L6. 056 15. LL9 .OCOI C. C58 0 _ 0 0 O, OOC,
_,7310 L7_ .0C00035 1%57_ ZL977 .oooz . r,05_ •OOO8 _ .. .01:286 . co36_5 ,co(,

i. T3_ 1.797 . ocooo7o _ .O92 I_. 511 .o_ OIlT .0018 :;,_: . (_55_ . OOTI21 ,OOC
i.7280 1.7960 .000028_ _.070 13._7 .00_ . C_35 .O05T _._ ,05_32 ,01&o88 .ooo

_.7_o L79_ .oc_2239 t2,399 11.919 ,oo59 ._57 •0210 _2_,: .O9623 ._&15 ,oc_

_,TPOO 1,789o . co3_zzl ,J. 815 9._33 .c8h8 ._,78 . lolo't _c,'. ," .16_25 .037770 ,o_

LTISC 1.781_ .OlOZTl ',._58 8._8 .26T ..375 ._15 2';2.? .a,_o9 .t_533 .05_

L.Tloo 1.779_ .ozT86a 7. TO5 7.z_O'_' ,_6_ 5758 .2855 _,7 . _'_903 ,0_.63_5 .I_

LTOOO 1.769 _ .03276 6iB03 6.53h .8_3 ,_69_ ._-_03 (,911 . _'9 i0_91:_7' I2T;

[.66oo 1, T'_97 .0527'8 _. 12o _.913 ;, I I !,15_Y .7920 _;+,'. .289_ .05_181 .7O '_

_.6:m_o I.689_ ,l_lB8 _, e17 _,.0'%3 . _ z• _35 I. 0532 _. 6 .31 _S3 .O56237 !.05_

L6000 1.6699 .13_ 3.871 3.7O9 _._I i. _597 1.1806 _!L .32_:T2 .O56937 I._"2_,

1.5500 !.6l_j ,17_ L168 3.031 J_,!_ 1.4199 I.h_lO 4i9.7 .365_i .0_20_ 1.57%"

LSOCe 1.569- , _9_3 _.607 2._91 '53 i, _n_ I•6687 L63._ .36269 .059o79 1.879

i. 3c_o I. 3To, ._aSl 1.0_ .989 %oo L. 1L65 2•3983 '_'_1 , _i _389 .050B3! 2.667

1.2c_,o i. _qo:., ,2[_.5 ._13 ._ 4.61 ,920_ 2.6967 [_L _ .G d_79 .061177 2.8_7

1.1600 1.23o : .23_i _ .325 _,]_ , F<43O 2.8075 _I. _ . ,',5528 .06125_ 2.9_

i. 12co i.i_o_ .23u_'_ ,20_ .19_ _._5 . r_373 2•91&l hi,._ , '_5_5 .061306 2.93_

!. 06OO I. 13oc . _213 .055 . o_ _. 77 . 393 3- o667 /,L_, 3 . _,_ _,7 .061_I _• 953

i.ohoo i, IiO:? .2173 .o_5 ._4 _.64 J2_?. 3.1157 _r5.7 ,Ls_lh ,O61345 2.9'55

i, ,_oo I. C_[:, .2132 .006 .oc_ _.51 ._9_I 3.163_ _7,7 .A39o .061_h6 ,2.956

l. ooc_ I.oyoo ._o90 ,0_ .coo j.38 ,_Ol 3.2111 7,_0,2 . ._976 .051347 2.95*'

,9800 I. 050_ ._9 .OaT .oo7 3._ .293 3._T5 71_.9 .5O5T_ 051_'t 2.95_

.96OO 1.03 o_ .2oo7 .o_) .027 _,1_ .4997 3.3o29 T26,2 .51179 .0613&9 2.9Y _

.9_o 1.010o .IS676 ,067 -O53 _._ ._,]'I_ 3.3476 7_o, 2 .517S6 ,O513_ _.96o

,9ooo .97oc .189&5 .2OO •)-85 _.80 .L187 3. _3_0 Tdg, 3 .53062 06118[ e, gT"

,8800 .9_0C .i_62_ ,_ *_76 2.70 . _ 3.h759 7_/_,9 .5_TIO .061hlC 2._9}

.8600 •93_ ._-83_ ._'19 ._a J.61 .3716 3.5167 _00.8 •%)66 .O51h51 3.01_

,8_C_ .91oo , t81-3_ .566 .523 :.53 ._50Z 3- 556s _17. L . _5030 .O5150_ 3. o5 :

•8200 .89c, .17971 .7_0 .68_ : _ . _3oo 3-5953 _3_. 6 .55698 ,06158:- 3-o99

.8000 ,87C' .178_i .9.%4 .868 3'9 .3113 3,63 L_ B_.3 .56369 .051_8_ 3.161

•78Oo .85o, .17872 I. 178 I.0_I .3h . _0 3.6692 870. 9 .5 ?OLI .O61805 3-2ac

.7600 ,830 .IT953 i. _/,_ 1.3_ _._o .'779 3.T 0_ ] 88'8-9 , _7_ .061959 3.3 _I

.7400 ._IO[, .18135 L,T&2 1.592 2.27 ._631 3,T_o _OT.7 .'_'_70 .0521L2 _._65

.7:_00 ,79_: .18_26 ,_T_ 1.890 2,_ .hg_ 3.7703 q_6.6 .'_(_2 .0623_=9 3.619

.7000 ,770r; .1883_ %_39 2,_17 2.26 .2368 3._12" _5.6 .5_59 .06L_!C 3•805

.6800 . T_gi_ . _.9370 .837 2.572 2.2y •_251 3,8306 _6_'-9 . t c_2T9 . C62895 *,. 0_9

.6600 • T;<'9 .20C'_ _._'_T _.95a 2.O9 •21_3 3.858_ _8_.8 . _,q6T7 .06321_ 4.29_

.6_,00 .7099 ._055 3.728 3._61 2.3_ ,:JO._ 3,8846 /,>32. 8 J'[t_53 .063565 _.6O5

.6_00 .689_ .2179 _._o 3.792 _.ST ._9_5 3.9O9_ :c_._ ._coo 3 .0639_6 _.9_1

.6000 .6698 ._189 _.?_0 h.2_5 _._ .1856 3.9323 10_.5 ,r525 • 05_'355 3,395

,58OO .6_9 r ,E-413 %059 a.72o 2. h8 .i769 3,9539 I ,_7.h .c ;019 .06k7_ 5,86_

• 56oa .6_7 ._551 5.865 5.21_ ;,55 ,_685 3•9739 ! _,7_.8 .6_485 .055_; , 6._
• 5_ .6_# ._qo.% 6.'_.69 5.7u_8 2.63 .1603 3._25 _:_2•0 ._ _922 ,065715 7.05]

,5_ .,589_5 .2870 7.ioi 6._60 ,L71 .15R_ _, OOgT 1205. _ .64332 ,O56-"_'_ 7.805

, _,_C_ .5o91 ._657 9.95'9 8.579 _.e_ •_mo3 _, 0659 1170.5 .65716 .0052_9 II. TS_

. _-_'0 ._, ,3880 10.7_2 9._13 _.la ._leh &. O'TT; 1185, i .66006 .068TT7 13.064

l,_t¢ ._,5_ ._II0 11.591 9.872 t]-9 .LC._& _- 057_ _199. i .66_76 .O59305 I_.5_:

._00 .h_v ,_3_7 .h9 10.56 _.26 .0966 _. 0969 1213.2 .665_'_ ,069_ !k_ 16.1y "

._600 •_i. ,_589 Z3•_ I_.o_!_ 3-33 ,05a_ _.1_ i,4:7.2 .66T62 .07o3B 18._97

._400 . _.o_ .4_3 iJ*,50 i_. o_ 3. 35 ,o811 _, ii=:I ] _i, o .66_I .07o93. 2o. ic_

.3o00 [ ,i! •_321 16.87 i_.71 3.39 .n661 k,l_5 12_._ • C 1_3Y7 -_3! 25• 0_6

.,;'6OO • _"_7 .57_3 L _. 7_5 15.63 3.36 ,c5_i h. 1374 1295.8 .t "7_3 .o73171_ 31.511

.2boo ,3O52 .6o15 ;1,53 16.7'2 3._ ,o45_ h, ik20 1310. i , ( ,'B79 .C7376/ 35- _h6

._200 ._856 .622h :'_,5_ 17.92 3.26 .o392 b.l_l 132_..y .6,_o26 .0T.373 _0. C6"

._0o . :_.7 .641_ :t,91 19.27 3,18 .o332 _. i_.97 13_o. o ._q; 62 .cr;_.c_o bS. _53

•18oo •:_h3_ . _[,82 28.76 20.82 LG7 ._"_ :_.153o ] :;_•_ .6F}2_9 .07_6_" 51.71_

•)-4OO ._CC_ .68_3 36.88 2_.T8 U.75 . [)178 a. 158_ : -92.0 , ¢,_518 .OT_O_ 69.129

.i_00 .1776 •69h5 43,1& 27•51 _•,_ ,3135 4.1605 1_13.6 ,68,619 .0_,952 81.8h7

,ic_o .153o .70Y9 52.51,' 31.25 2.3h . <K)95 _-,]61_'X_ l_'O. i , h_Tll •0"_ IC4)*I12

.o_oo .13[_2 .721T ,,9._h 3_.86 ;,,po .o076 _-.I_3_ lk_.O , _5'T53 •0q_58_ ii_. _ii

.0550 .1315 ,7339 64.11 3_.5_ 2.1_ ._7 _. 16hl IJ-67,h , r_ST[3 .07'_52 12_. I13

.075 O .ii;._ ,7918 77.7'7 _.k_ i,9o_ .o0_7 _.,I_51 496.0 .6,_8_ ,050_958 I_9.3c _

.0720 .low_ .8376 8_,7_ a3.1o I,B12 • :Jf139 _*1655 I' lO. i .,f4_16 • _I_, _ 16_*._i 4

.o7oo .c_: ,19O18 92.0o h6.0o 1.723 ._033 4.16_9 L25._ .68,B17 , r/_1953 I_. i_'+

•O59 C .O_CC .9879 99. 27 _. 15 i.6_I ,_ L.1662 L hl, B ,6581_ , _:_ I _. &'_
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TABLE XIV.- VALUES OF Z F_CTION _'_ RELATED QUANTITIES FOR BALLISTIC EIYfRY iHTO

ATMOSPHERE OF _L_RS SO THAT V-7=o=i.0; _n = -0.07, Zi = _iXl0 -6, _r = 200 -

Concluded o

(c) V i = 2.0, 7 i = -17.249 , e i = 2.8804

1.,0_80 2 C6S: .oo_:_c=#, : .-_85 16o1_7 .:: ::,: .al_ .oo1: : .OZ3:3 .oo_o0_ .oo_

:.9960 2.O_: .0OOC,¢99_. :,. _'_q 15.560 ."-- .m__ .oozT :.' ._78 .0C8c_0 .cc_

] _a,o _._:, .coDo2_., . ,89 l_ y,8# .:. " , .a_92 .O0_2 ,:.; .O_loo .o12o_ 3 .O00

] .992o :.059" .ooooug_ :._z l_. _ .:,: .o_6 .esgl ':., .O6_5 .016070 .ooo

.qg_ _.o_T: .eOOllC_ >< ___.8 l:.::o . .06_o .ol_ . .IL_53 .0e98_ .006

:.97OO =%039: .v±:_ :.._80 B. 576 .7c_7 -3O:: ..... :996_ .C_58 .1_5

:.9eo0 l._ .09208 :.19_ _.9.'58 2.:: l.72_7 ._TO 255. .:5938 .0_3892 .6_'_.

:.8_00 :._l_- .:T-=IS :,.,,_78 '+.60_ 4.: _ I_ 1. _95_ ..... a9391 .057_o7 1.3!6

L.8000 L86_ ._lTO -.ll_ :961 _._ 2.:701 1.68_ _,,:..: .31057 .05_C_ 1.705

±.6_00 L 66_" _aTX :.365 :. _66 _ C," 2.106_ _. 5596 -.e:. - 3_7_3 .06:1_ _. 893

i .5000 :. _7o( .371_ :.:3T 1._59 '.is 1._731 _. 90_9 -- _, .376_0 . O: "-82_ 3.3l_

:.2000 1.2y_ .:_@D .370 .550 _.a. i.o_87 L737_ :[uJ _:o63 .06g'759 3. __qg_.

.9600 I.O30: .2q61 .:_1 .o_o .. :_ //,60 _._53_ 6:c. 5 .:.7916 .o6-e8_9 _.o67

._oo ..ogx L:_s: .]90 .cea :.#9 .52OB _. 3a_7 ,, 1.'3 ._6822 -O6_57 ,.o7_

.9.coo .970(, .e597 .:._ .13_ ). ::74 ._9o3 _._52 ""1.') ._9_7 .o6e867 _.o81

.80c_ .Syoc ._-_S .69_ 6_B :. :, ._595 _.5357 TO&: .$17-_e-- ._3ce9 4.m,8

.78oo .8_C( .2_5a .:_70 .T_g :"i ._.,=A'6 ,_. 5677 716.6 .5_7 .,ae309T _.27_

.7_o 2i:: ._%e_ ._o3 :.:9_ :::': .-=97_ <6:3 7_a.:_ ._7_ .O63:e9 '-'-_*_

.7_o0 .79o_ ._32o ._2 ...... _ .=_ _.8_58 76D. 0 .53756 . C63a!6 a*.5_6

.6_r.z_ .75":' ._%%0 ..iTT l. 97_' .]{:_ .:_7 _. _.. TC97 _ ,'3.7 .54770 . O:374: _.e66

.58r._ .6_ .2¶95 ..Jl7 3.85_ .e7 1835 _.8243 7L5 ,57L55 . O650'58 6.3_',"

._6oo .6k_E ._ 1-._52 _.31_ .1730 _1._,_ "'.6 .57590 .O:.=407 6.78_

.9:_ .6097 ._,?ga ._5 4,8o3 :, rr .163o _,.e6;.T _r_.8 _oo7 .C657_1 7.311

• *moo .5_9,_ .33:7 :_.:ol 7. o_# . ::, .l_T '..9e:3 .59_,,_1 . O:75O% lo.
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TABLE XV.- VALUES OF Z FUNCTION ANDRELATED QUANTITIES FOR BALLISTIC _RY INT0

ATMOSPHERE OF MARS SO THAT _7=o=i.0; _a = 0.07, Z i = _i×lO "e, _r = 200

(a) V i =_, 7i : -13.725 °, ei = 1.0000
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TABLE XV.- VALUES OF Z FUNCTION AB-D RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF MARS SO THAT _y=o=l.O_ _a = 0.07, Z i = _i×lO "6, _r = 200 -

Continued

(b) V i = _, 7i = -16.216 °, e i = 1.9406
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TABLEXV.- VALUESOF Z FUNCTiONA]TDRELATEDQUANTITIESFORBALLISTICENTRYINTO
ATMOSPHEREOFMARSSOTHAT VT=o=l.O; _a = 0.07, Zi = ViXlO-6, _r = 200 -
Concluded

(c) Vi = 2.0, 7i = -17.398°, ei = 2.8783
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TABLE XVI.- VALUES OF Z FUNCTIONANDRELATED QU_ANTIT_S FOR BALLISTIC ENTRY INTO
ATMOSPHERE OF VENUS; Vi = 1.00, _a = O, Zi = ViXl0 , Dr = 900 - Continued
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TABLE XVi.- VALUES OF Z FUNCTION AITDRELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF VENUS; _i = 1.00, _a = O, Z i = _i×10 -6, _r = 900 - Continued
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TABLE XVi.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF VENUS; _i = 1.00, _a = O, Zi = _iXlO -6, _r = 900 - Continued
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TABLE XVi.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF VENUS; _i = 1.00, _a = O_ Zi = _i×i0-6_ _r = 900 - Continued

(h) 7i = -8.0 ° , ei = 0.13917

1.oolo .P,_(_,o6z

1,c_]_ ,oocoz51

I._o .rx"_')o377

_.OO3T_ .oo'a_SQ

1-0030 ,oo8213

1 .ooe5 .m_a

i .co'a_ .m._Sz]

i c3o] .I ,o] 597%

.ooo 9 .oao'_

1 .oooo .ee3o_

99_ .o_7_

.99_o .o!ao9

.997_ .o369e

.996c .0_09_

..<,9_, .0k961

-993o ,O939]

.99_J .oD_

.991c ,n62_

.9Wx. .n6676

Q86o .0s367

.ga_o .O9_o7

.98oc .i0676

,979_ .129_9

.97o" ,]_998

,969(' 47036
.96oc .19o6_

,99_t ._toy
.95o(: ._3o8

.9_o_, ._TO_

.93oo .3O9 e,

.91o' ._867

.82_0 .Yll9

._t: -7792

.76a .9oem

• T__ _ .9698

.TaOO 1.oa93

.660s 1,1953

.56c'J i._6!

.yx_< I -_337

._6r,:, _ .591o

._/_c,_ _.6_9

._,u 1,63_6

• _, ] .65a5

• _&,,, 1.666_
._6a, 1.678_

• 2_¢ I. 6838
.3c<}, 1.6811

._,: 1-6"!37

.26L<, i.6615

.21m_a 1 .H._

.)_c£, :, _¢±

.1_oo x.kn7

.iooo I. ?SOW

.o9oo =. _lB3

.o7oo ._,zD6_

.o9OO L._0

.o_0o : ._598

• o3 oo -, _:'3_

.s:_ _..goe>

I

I

,. iC,_ .eAxn .0016 . .

.ooo_ .c.o39 .ooi_,

' ._,_z .OO76 ,0161 .0072
,uW, .0_I_I .02B_ .0131

.,)% .O69 o .O_83 ._,
¢.9 .19 o_ -oT13 .033'

%o .el,7 .O913 .Ol*3u

• 9' .3_9 .lo9 B ,%o.,

• ._e6 .xi6_ .o55_
,9':' ._80 .!C.5 9 .ogo
,_', ._a ,1399 .06tsa

,._ : ,691 ,]DIs .o7_

.adE .g27 .16_7 079

.+,, i.o92 .1897 .o91
i .9 Iz I .z._ 3 .m3o 3 ,OgT;

• 9: 1 '733 ,236_5 .t=_?

._i 3.tm .3135 .1_,:

.,u. 3.79 .3377 ,iTa_

.,_ ;:; U.36 .3_9 ,]._',

.8:2 h.9_ -3776 .19,,

8.O 6.oa ,_e92 .a:,,,,

,<,_a s.6D ._6_1 .a6_.a

9 .,2;+4 9.6_ ._79_ ,_8,!

.,6 k l!.h6 .9007 .3o _,_

::i;, 13,18 -Dl3a .33_9
".'>4 lh.79 .91,_6 .3_6i

i. 16,20 -9189 -376'

_.1' 17.51 .5138 -]@b]

_:.21_ 19.77 2_39 -_2,

c .6c 9 e<lo .30I_ . .539,5

_. :±, 23-73 -._,93

}. ,_ 23-hi .aB.9 ._> ....

.5,[,a _3.oI ._'189 ._ _.,,

• ,*: aa._:- .1996 .5( ,,
,; .:,_ 2] .96 .1810 .5'ca;

.h: ai.32 ,163_ -5775

_.aa e,..l .!_,_e .St_O

9- h .1_01 ._861

q ,_6 :9,0o .II_9 .T_99

' ,61 .L_ ,IOO 7 ._93U
• ,r/7 :, ,a_ .0B7_ ,9._

o.17 1[,.13 .C_39 .6t_ 3

J,.TC .2.;. .o_._ .6O69
] .o3 _:. h+ .o36_ .605"9

_i._7 1, .s_89 .6105
i .98 .{_6 .61a_

i .53 rs,4l .o]7_ 160_36

!_._8 ,,:_i' .o1_6 -61_7

:..6O 6._6 .OOa9 .6i57....._ >.o_, ,_ _65
<Do _-._: .'x'37 -_172

e,,.]3 _.,;6 .,",o_,8 .617_

, _:.a5 ! .,'> .o_al .61_

_,.1o ;._4 -oo]D -6179
a._o _.,;, ,:3OI0 .6181

.uuo_ .6105

:I.1_ ].196 .oool .61t_

,>:) .oo ] .,:_ .o_oo ,61&'_

I

t _ I _z _rv-a

o , o ; .,rX'X_

5.9 .OO713 .mlOO_ .COO

17, 7 ._1%_ .O0301h .COO

z9-7 .0360_ .06_05_ ._3

_6.I .0_377 ,0_61_9 .008

5o._ ,06117 .008_9_ .068

59-6 .o_72_ .co9_D7 .12,9

58.8 -o7] _9 .olooI_ ._L6

6'0-7 .O735B -O] O3._2 ._a8

63._ ,07658 .olo_a ._-F_

6_ .1 0v_69 .ol o9o8 ,_x

6h ,9 ,07865 .011.0_3 .,_21
6D.6 .0791_9 ,011!61 ,691

66.8 -08093 ,oi1353 ,_9

67.B .08_13 .011931 ,965

68,6 *08317 .011676 : .C_'9
5o _ .OSKO? ,Oll_& ._'_2

7o,0 .o_u_9 -01;917 :L.._65

7o._ .oa56a .o_ _oeo .,_gf
71._ .O#629 ,nlell_ ] .%z9

71.7 .f186_0. .Old, CO ] .7_1

73,_ .o88_o6 .olat_ 9 _._u 5

7h._ .0_2 .012610 2,_6

75._ .0913o .oi,9817 3 O68

79-9 O9 qq .o_)OP _',_s9

77-t .09337 .033107 _-9_3

/8.;_ .09_57 -o13e76 -.63s

79 -I 09"_5 _ .O13h2k '._96

?9 '9 ,o9655 -o1_55 l' 5,#_F

_.£ O97_a .O136-e_ ,5.6_o

gl .a .ogsl_ .m3778 N_87

82,6 .o99_7 ,o] 3956 _-630

83•k ,lOS6e .OlI_128 ).98g

BI_._ .lOIAb .o] _7_ 11.361

88.1, .io_D .01_897 tg.9_T

.._, .loni_ .01_053 22.956

90.1_ .1o_ .o15193 26.0_6

93,0 .11o_59. ,Ol_h_% :_ ._50

91..[ .1119_ .0197h8 :-2 .g>B8
99< .11258 .o15839 :.6._76

96v .H318 .015927 _o-3_
96. ,_137_ .o1601(I 1k._32

97 .q .Ii_9 .o16091 8.h18

9@., ' .]_931 .ol6_hh _,7.o99

_u.:, .I]SF g) .016_18 1.63_
..j ._]627 _o16389 6._o0

l::,; n! .11671 -o16h99 _1.37_
:,t., .1 717 ,o16_8 _ 5"'_

_L;2.; .1176/ .0!6._96 <_ ._2_

_,:., .I18&6 -0_6729 )3-_

io[1,_ .i]9_8 .o16_6! i16,8_6

,, :] .11998 .0169_ 7 723.9_-_ 8

lnm _ ,1_ .o]6993 : j] -_56

!, ." .12o_8 .017060 _9.8_3

,. .121_[ .n17199 )"-FIS_
.12166 .017_65 115_-107

: : i_ .1L:'aO6 .017._37 :Tgi]e9
: ,1_h9 .01[I_iI _ .7 1

• I',, * .123_6 ,017_7o 221 .o9

! ,6 .1_368 .o17656 238.83

12i ._: .124Da ,Ol ?g49 25_.i_

,-.< .!2_99 ,m 7961 :,z_._

i 1.] .I_999 .oi_ 3 ,o9.13

I: .I_6_i .018333 *139._
_ .<: .IL_6_7 .o18437 482._0

>,_., .127o: .o1_709 ] f,._]

.l_'rTo .01918a, _t,u,Su

!_._ .l_a9 .o20t63 : ,8a.8

127



TABLEXVI.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINTO
ATMOSPHEREOFVENUS;_i = 1.00, ua = 0, Zi = _iXlO "6, _r = 900 - Concluded
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.10308 .01_;9_ 66_ .o_

.i0337 .o1896h _ ._

.lO]69 .o19_13 9_.27

.lOhO# .o196mq l&55.hh

iom3a .o_i_56 10471.9
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TABLEXVII.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORLIFTING ENTRYINT0
ATMOSPHEREOFVENUS;_i = 1.00, u-a = O, Zi = Vi×io -e, _r = 900, Yi = -0"5°_

ei : 0.00873

(a) L/D : 0.5

" -' 'I' ....I
i. -)c_q o.ooooolo . ._,oc e.oooo _.celo o o - o

i.c_l, .ooooc_ 3 .._, .ooce .c,_ .oii,' 193. _, ._>I .ooeo_

L .,_,i .oo0o_8 ._, .eeee .oO&1 .o_5 ]00. 3 ._6740 .003133

i. :<,2_2 .oec_13 I,, .,) .o033 .mot .0832 5_.8 ._ l,_,_ .ao5255

.c,,_ .c0o3356 ._I_ .m13 .o18h .1667 688.3 .B_57 .ocf b6o

. • c:c,_, .C,30_ 374 .2V' .m_'7 .0eln .1997 73_ 1 .89_ .':_756

]._K_ :, .ooo_oo5 ._<, .ozJ'v .ea_ .29q_ 79%1 ,97_m_ .OOTll_

._: .oOOB_6 y . _ .Ce_ .e_91 .33_, _ _?_ ..5 1 ._I_ .o07506

•9_,_ -colo532 .I .o3); _ .03_i ,_oc,_ 939._ i.I_905 .°a7737

• u,<, ., ,113_9 .>,9 .o379 -°333 ._3 _ _,3 l.]soa_ . co7_9.t,

.991o ._Jl_120 .1_ .C_6_ ._JR7 ,_ IO5_ .I ; .28a',_ ._8o69

.VgC_ .(_716 .:_ .o_Sa .a37;_ .5T3 _ I073.6 ].31_3o . &18135

.,)_50 .,:._17037 . c • .G')63 .0399 ._ ' ll_.a 1.39_ .00,_.83
,)_o • ul£e6o . q .o-e3 ._IO .7213 11_.9 _._3_85 ._e8_2

._800 .r_08

-97_o .co2_5_
.9TOO .oo3&3=

•_6 _o . oo382_
.960t .co_lo

-955o .0O5_6_

.95OO .:_]362

.,11809

•9100 .ot3_

.900_ .']It_60

_:_ .,-,7_<,
.020O5

.&,"o0 • :,_50_

•aO00 . s_803

-',_357

._oo .:,56 D

.6_co .=6_56

.6ooo . _,"2

"_ :_.5"mn

.Smoo .o8766

.WL_ n2Yl?

.3800 ._ 817

.3_o0 .i57_6

• 3o0o •1797_

._nO .2219

.18oo .2831

.]6oo •31o 7

.lhc_ •._a37

.]ooo ,_7o

.o9oo ._699

._oo .717".

.o3co .z_85

.OLOO _.Oe_l

.i_c ._692 .0&27 .al]2 1231_.£ 1.5{'£_0 .o08528

.l,) .&_3,_ .o_7_ .91=9 ]_-_ _.58007 .OOW_7

.z_ 3 .}o_,: .°919 1,C_ 13_T,3 _ .6_o5_ ._o_

.2_ ,1_y ¸ .o_ _.o_ i]_.i i.a8990 .OO5_;

• i_! .2,:,_ .07oa 1,29 1_7L5 .7"9329 ,oe9788

._,.,_ ._14 .e_5 I,_9_9 155o.i 1._77_ *oIo3a_

.3_ .y_ oo_ 1.385'> !_77,_ 1.9e_11 .0_O511

•5_: ._0 •09!_ 1,6_, ¸ _1.' L ,93'<.0 .ote66_

,3_ •'<2 .0_o I.?_ 1_,_,,. 1.958_ .o1o798

.276 •:e .cgh_ l.a_..... 1(,40.7 1- _995",:5 •Ol_OeT

. I_D:3 ..a_ .o9_3 2._, i _a,Ol. ' 2,1_312 .oi1783

•9_' i.i_+ .o_ 7 2.,,_ 'u 1577. _ 2._I_29 .o1237o

.5_ : ._'_o .os_ 2,67', 3.E93 .. 2.2e_ .o12_97

.a17 _ <% .o7s1 2,8_ ]930. ,' 2 ._7C,_0 .o1__

:._,o

.oo1

.no3

.ola

.o13

.oiB

•ce_

.c_6

.o29

.o32

.o37

.039

.c_3

.o52

.mo

.or 9

.o79

.o97

.LI9

.17,_

.2m

._,2

,3_5

._99

.TOO

I._o9

1.391

1.99_

1.815

_. o'51

2.299

_.599

3.777

.)78

3.O57

_.9"_9

7.735

-<655

9.7% _,

1.93 ].,'_ .0331 3.1 ,u:: _ ,"_._ 2.3_8U9 .01_" lO.9Ca

_._ .,,_, ._2_ 3.32/ _' '._ _.35T_9 .o1_9_ 13._9_

2._ ,. ¸,¸¸¸4 .o2o9 3.141_ _L_. 2._,379 -oi_781 17.97_

2,_ -. , _ .m_t 3._.5)7 _1 q,, 2.3725/o .01909_ a3._,_

._._,:: ,_ .,_'r_ ,...,.,36.I_ 7c 2.38_*.9 .01585_ _?.IO5

9-31 t .:_e .m_l 3. I_R_I 2a_2._ 2.3911/ .olg4_5 _ .135
£1.98 [ ._, ,ccel 3.z_ 2;e { 2-]9_, .0169_ :3! no_,

13. &'_ a._, > .oo17 3 .lemo ma_., 2.39383 .o17167 19[,J-3o

id .]fl ]. _ ,' .0o13 3 .l_e_' 22%a._ _.39_% .017_08 191.0_0

19.o_ ]._;; .oolo 3.1t_ e>l.} 2-395_5 .o176_9 239._o

28.3} .*v_ .ooo5 3.1833 _.:'..c 2-3_ .018310 *30._B

]h.29 t • ] _ -co_3 3.1836 ug >_. ? 2,39769 .01 b-_;8 _9.91

_.61 _._ .0002 3.1837 _21.9 2.39R_0 .m9391 _3,.3o

96.9_ .n_ -_I 3.1839 2{58._ a._._907 .ceo_a a_93.7

5_.2k _.t. ;,, .oooo 3,1uuO ,:_' '. _. 39990 .o_1718 aa_._
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TABLEXVIi.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORLIFTING ENTRYINTO
ATMOSPHEREOFVENUS;_i = 1.00, _a = O, Zi = Vi×lO -6, Dr = 900, 7i = -0.5° ,
ei = 0.00873 - Concluded

(b)L/D: I0

! i

_t_e g 5e: r I e

1. c,6,K, e,0000010 o.5o_ o.oo3o D.(]ClO o o o o O. _._.

_,:_x:, .ooooo_5 .L_ .goon .o016 ,00_& _.i .i1628 .CmlOlz ,ooc

l,OClO .oooo_$ .%-_b .goD] ,oo_ .o117 19]. _ .236_51 .o(y_( &_ ._

.06]_ .OO0316B ._.,4 .ooo7, .0041 .02_5 300.7 .36785 .m3133 .001

i._,_:i .OOOlOS_ -2;7_ .t_33 .01o5 .o._ _29.1 .6_757 .oo9.ei_ .,x,3

_ -_<,15 .oC_3058 .c .oj3o .o176 .1657 691.6 ,8_B .oo6_5 [ .c,>)

]. _,,_x_ .000_9_1 .2'_ ,O_il •_'_23 ._38 811.4 .99315 .oc6931 .oi

._ .0005569 .o_' ,c_o .C_3B .3001 966.2 1 ._ 00_ .coTo_; .,n ,'

:_ .ooe,_o5 -,0,_> .o177 .3_01 ,631B i258._ 1.337o0 .0057_ 3 .i:]3

._o ,o01_72 .2:'[ -0_97 .o317 1.o3_] _e_.% 9 _.137_3 .co?7_b .c,j,

,9_:; .oo'_]b -_5 .067_ •c_.3_ I-_]]3 ]587.6 2 ._9_90 .O0_f .o

.9_o, ,oo31_q .ca? .I_ ,o=_08 1 .b9o? 20_L 9 _._810e .otto-. .,._

-9>(_ .oo3_ _ ._o .i31h .r_C'_ 1-6559 2] 3] J' 2 • 58_67 .oo9o:< . .i,_$

.9009 .oo77_ .I_ .295 .:_575 2.3]oD _'_51-9 _ .9_597 .OlO06 _ -'_98

,7So< .0174_ .18 -577 -0709 3.1937 28ce_, 5 3d0_3 ,o11/_ / .6 r!

.yooo . D23_O .30_ .698 .:u_8 3-5_7_ _g'>l ._ 5 ._3.%_ ,o31_79 1 .C,Z,7

.68_L, ._]_ "_J .7>_ "I_17 3"63 _ 29M3 -3 _ N'TU_7 .O1]_3i 1.199

/-_o:, . c_F,_: .3_:: -Bc'9 ,6oI 3.6973 ]o]3.1 _. _9'51o .o1187_ ].31]

._, .0_603 .5G8 ].o_ ._18 _.0}53 193._ _. 257o .o1_59 2.67;

._, .0_968 ,93- _ : .o5_ oL_ _,07o0 ,_16.1 ].' 3979 .o] _7_[ at-9:

._ca, .C6_70 .6_o L,13_ .,"_89 LI_;& _iOl.l 3," 8_50 .o13259 _.JS'

._ao, .06773 -7_5 _ .1_g .:ra63 L1972, _3_1._ ,' '97e9 .013377 9.o79

•3R<x_ .c90_8 1.18 ±,23o .r'iT_ L__:O_ ;,toO.9 3.73_8_ -O139_ 8,_2

.3 o_6 .c9777 1.3o ;._4 .oI_ _ ._,t_ 3 3;._0.1 3. ?AO$9 .oI_IO_ 9.7Y7

-_,_ ._1397 1.5_ :-_._7 .oi16 4._911 =L%_,I b 753!0 ,Ol_h._/* 13.I 5 ]

-1_ -_TTT 8.17 1.178 ,:>)17 _ .3_D3 19.9 . ,q_03 .016_B9 83 ,_97
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TABLE XV!II.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY

INTO ATMOSPHERE OF VENUS; V i = 1.02, [a = O, Z i = Vi×10-6 , _r = 900

(a) 7i = -2.0o, ei = 0.05337

z

I.O20C O,O00001C

1.021C ,0C00069

i .021; ,0C0018_

1.0_9 ,000183_

1,0_e6 j .000_

Z .0Z25 .0007382

l .O_z_O .0013133

1.0210 .Oe_iSO

1 .O2OO .00_9_#

1.0193 .C_63_

1.0100 .009_e8

1 .OO9O .012_20

1.0000 .01_356

.9990 .018_6_

.99OO .0a116

.980¢ .0_698

.97O0 .03_

.96O0 .O389O

,9500 ,0_937

.9_00 .0_1_i

.9300 .05792

.92O0 .O6_6_

.9100 ,0715_

,9OO0 .07867

,88OO .093_

*8600 ,10927

.StO0 .12987

.82OO .i_33_

.8OOO .16165

.78OO .16O8O

.7600 .2008

.7boo .Z21_

.7200 .2_31

.7OOO ._6_

.6800 ._

.660C .3121

,6_00 .3365

,6200 ,3615

,600C ,38?2

.58O0 ,_13_

•5200 ._993

.5000 ,5232

._SOC .5516

,t/_C .6O95

.1_800 .6388

.kOOO .6682

.3_ .@78

.3600 .7273

.3_00 .7861

.3000 .815,?.

.L_>O .8_39

.26OO .87_.

.ehoo .8998

._oo .9267

.,_moo .9._27

.1800 .9"Ff?

.1600 1.0016

.1_0o l.Oe_

.laOo 1.0_6_

.zooo z,o689

.O900 i .[3913

.0800 1.09 7

,OTTO 1.11_I

.0600 i ,i_

.093o 1.1895

.o_oo i .27%8

.o3oo i._9_

.o2oo 2 .ooo9

.OLOO 3.4903

"_ 7" r ' V

2_OcX, O.C_ 0 ,COll 0001 O 0 0 ,),COOi .930 ,COO1 .C017 _,0 .03110 ,OO1O67 ,OCO

1.8_ .0002 .0028 _0035 51 .o .O636_ .oo_It+I7 ,000

1.7% ,oo_, .ooh5 .007_ 78.7 .O9813 .o03_35 .ool

1,599 .o05_ .Olh3 .0_91 1_8.9 .18_8% .C057B8 .oo9

1 .h','r .Ol_J ,0_12 .0_-, IYS._ ._1863 .oo6657 .oI_

l.hlO .0_ .0_87 .06"{ 196.7 ._557 .007335 .022

1.345 ,0_03 .0383 .o915 2/7.8 ._71_6 ,0o7969 .o39

1m8_ .0668 ,0_9_ .I_32 _37.9 ._9698 .0085_ .O6_

i._93 .o901 .o_7o .i_ _93.! .312/7 ,oo558o .o87

i.i_9 .19"a5 .o8_ .2_9_ _'_-7 -35273 -009739 .187

l.iJ/ ._ .099_ ._98 300.7 .37937 .01018_ ,_80

1.12_ -37D .I12_ -3397 313.6 .39088 ,010496 .371

i,I_. ._61 .1239 -383_ 3_3.6 ._032a ,010737 ._61

1.150 -6_9 -i_19 .k_6 339-0 .k_197 ,OlllO_ ,6_i

1,159 ,7_93 .i_62 ._?._' 393.8 ._360B ,01.1386 .8_

I.i_8 ,9_7 .1680 .579.c 360.2 ._7£0 .011617 1.01 6

i.T'_8 1.I_3 .1781 .619_I 368.2 ._9681 .011819 1.2/6

!,_72 I._ .1868 ,675 _' 375,1 ._6_8& ,011990 !,_23

l.j!l 1.616 .2oo7 .7969 386.5 .1_7799 .01_293 1.868

±, '_L 1 .yS_ ._06_ .793_ 391 ,_ ,4_3_ .Ol_h_T e ,Io8

I,_79 1.953 .P/I 3 .827o _99,8 ._i .OlI_52 2.]99

1.5J5 2._ .9.I_ .89_ _ _m99,9 ._9_9 .01_669 2.6_

1.652 2._7 ,_2 .91£,_ _'_.I .90071 .01_8_ 7 3.189

1.7'_ 2.88 ._67 .967 s _i),3 .93735 .01)085 3,812

1.900 3.17 ,Z?9_ 1.0139 _18.8 ._1307 .DI_ _,_

2.029 3.58 -_305 1,0_4 _3.7 .91806 .01_0 _,2h_

2.161 3.88 .23_ 1.o'93! ko8.2 ,922f_ .oI_601 6.O6_

_.296 h._3 .2285 1,127_ k32.2 .92639 .013753 6.9_

2.576 _,98 .e2/T 1.18_9 _9.5 .93)o8 .Ol_03T 8.981_

2 .'[_i _,2_ .2/69 1.2130 _a-7 .53597 -01;_171 1o.129

2.870 5.57 .2112 1.2369 _9-7 .53861 .01_300 II._7_

3.G2 5.@8 ._0_3 1 .e58_ _J_8.6 .ghlO_ .Olhh2h I_.72k

3.18 6.18 -1977 1 .e790 I191.3 .54327 .01_5h5 14.188

3.34 6 ._5 .!90! 1.2979 _53.9 ,9_53_ .01_663 19.775

3.91 6,78 ,18_0 1.31_6 4:6._ .9_726 .01k778 r,'.hg_
3,68 6.97 ,1735 1.3303 _9_.9 ._%905 .Ol_k_91 i_.3_9

3,86 7.19 .16_7 1.3_)_'i' _61._ .59373 .01_ C_I 21._3

h,09 7,39 .1557 1.3_0 _6_.4 ._230 ,015110 23..578

h .2_ 7-_7 .ih65 1.8TO_ %6_,6 .85378 ,0157/7 ._5.964

h ._5 7.72 -1372 i .3814 k67.8 .99517 .015)_ a5.960

b.66 7.85 .1279 1.3917 h6_.9 .55649 .Ol_a8 31.379

&.'39 7.9_ .i186 i .i012 %_2.0 .9977% -019532 34.&77

_,13 8,01 ,1093 I _39_ hTk,l .5_2 .015636 37.895
9_38 8.05 .i003 1 ,_178 _76,1 .560(]9 .0197_ _1.5_

9.66 8,05 .091_ 1 .I_293 _78.a ",_i12 .01_ _9.629

9.95 8.0_ ,CS_T i.%31_ _8o,3 ,_62/9 .01_9_ 5o.I19

6._3 7.95 .07_ i,_375 _2.3 ._5313 .016053 99.O8_

6.6o 7.86 .c/o63 i .%k_q9 _8_,_ ._i_ .016159 bo,610

6.97 %72 .0986 1.h1_78 k86.6 .56498 .016866 66.777

7.5 .0 i_ I ._Sa_ _58.7

7.83 7.) .0 5 .56669

8.3h 7-O9 .0381 1._96 _93.3 ,7675o ,o166o3 9o,_o

8.91 6.80 .0_22 l.£6eT _9_,7 .9o829 .OI6TZ_ I0C,63_

957 6,48 .0268 I._69& _)8._ .56905 ,0168_5 i12,_75

_0.33 6,12 .0219 1._6_.,_ 500.9 ,56979 .016975 126.368

n._ 5,72 .o175 1._69_ 933.7 ._7o9o .olTlla 1_2.9O8

15,6_ _. _ .0103 i,_731 ._.0._ -57189 -017_19 187.693

19.31 _._ .0074 i._743 514.0 .57297 .0175_9 219.90

17.93 3.77 .oo51 I._793 918.k ,_3 .o177 e_ 261 ._9

20.63 3,2/ .oo33 l.k76u _,_3.6 .97389 .018010 3_3.67

29,2_ 8.6_ .0019 i._767 5_0.i .SghSl_ .018_5 i+lO ._9

_5.6_ 8.31_ ._1_ 1.1_7_ 53h.1 .57h_7 .O18k._ _TT.k8

3_.i_ 2.0_ .0009 i._771 539-0 .975_0 .018693 570-38

39.53 1.778 .0006 i._773 5_5.2 .5755k .81889_ 711.29
49._i 1.9_ .0(_ i._77_ 553.8 .57_8 .0192_Z" 956 -i_

6k._ I._i .00(22 i.g776 _7,8 ,576_0 .019717 ibis9._6

83.51 1.2_I .0001 i-_777 _9_.0 .57_hi .0'20_95 3001.3

90,uo 1.0_7 .0000 I._T[8 677-5 .576_5 ,0e1883 10470.8
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TABLE XVIII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY

INTO ATMOSPHERE OF VENUS; Vi = 1.02, _a = O, Zi = ViXlO -6, Dr = 900- Continued

(b) 7i = -3'0o, ei = 0.06608

l.O_o 5

l.OZlu

l.oal>

1 ._2o

1.01_5

l .o_a5

1 .o_ic

1.0eoc

1.019_

l.Oi_

1.00_,

I.00c_:

._60o

.9_o0

.910o

oa_c<,

.8_e

•T&Oc

.7_>-

.680o

.660o

.6ooc

.:eoo

._ec

._Ooo

.9oo

.2/a_u

i_Boo

.zaoo

.2ooG

.18o_

.l&::

.laC_

.z_>,

.0700

_._o 3.o_ o.00o_00oz o.oou o 0 o o.oo_ _ o.c00.o_oao_6 _.9_ . ,0_17 ,ooo_ 16.5 .o'ao_=_ .ooo

,00e0_96 _._oo .ooi5 .oo7_ .oob3 68.e ,o_5_ ,00_335 ,001

,_I_81 2,'iJ5 ._4' .0129 .oI_6 68,7 .11066 ,005551 ,0(>%

.00_57B 2._1 .1_<,2 .o713 .o9_ 155 i .19355 .009_5_ .135

.0_2"i'0 2 .#_-z ._61 .1808 .2"!!_ 19_ -3 .011J72 ._I

.0390? a .JC_ I .i_6 ,19_ .SC6_ Z_O._ ._9_ ,Ol1776 1.178

.070&I _._ 2._9 .2_59 ._135 _13 ,_ ._6510 .012_58 _.178

.o9_i_ 2.52J _.71 ._713 ._79f _3._ ._7329 ,01_81g 3,oo5

.io7_9 z.Si_ S,Q3 ._8o8 -_-9 _e3._ ._7661 .0129_3 3, _=:"9

.11973 2._'i'o ).3_ ._86 .5399 _5.8 .27956 .01_099 3.86_

._3 _.911, 6._ ,)O70 ,7_ _45.0 .30019 ,OlhOT_ 9.3OA

.303_ 3.069 7,10 .2959 .80_0 _'_ .9 .)_-,O1 .01_3_ 11.662

-3_3 _.a_o 7.82 ._796 .8516 2_._ .3o910 .oi_9_8 z_._

,3769 J.3_2 8J_ ._7oi .8723 _6,_ .31093 .OJ_6_ 15.7_

.01_8 3
, t_L:'61 5.531 8.69 ._89 .909_ _60,3 ,31h27 ,01_953_9 18 ,_0__.S_ 3-63_ 6.93 .2376 .9262 _6a.2 .3_0

.SJ_ga _-n._ 9.5% .I_99 ,9819 _.3 .31u7 .oz_3_ _._07

._7_7 _.._7 _,.6_. n.Tm z._a_,_ 0?Lo ._2_:_ .oz_o _o,,'T'_

.598_ .... 4_: 9.69 .1657 27_.7 .32350 .019_6 33._3_

.6h69 _.76 9.70 .i_22 1.0P.3_ 2V61 .3_565 .015659 _5.815

.6_'ql _ .9_ 9.6c .!_ 1.0_9 _TT._ .3e667 .0157_ _! .9_

._ t.l_ 9.59 .I197 1.039_ 279.5 ,J2T6_ .01_]2 &_ .]_7.

.7_7 _ ._8 9.3_ GO_ 1.0537 m3_ .o ._ .Olf_6 5%053

.'t_ga 6.11 %0o .O_l 1.o6_ a._.6 .33126 ,o16_5 6_ ..._0

.8c_.3 6._I 8.77 .0701 1 .eye4 _8, 5 .33210 .01627Y 67.C_

,B3_ 6,?5 5.51 .0616 I*0751 L:_9,3,4 .)3_91 ,OI6]TI 73._

.g_69 7.L_ _._3 .0536 1.07_2 L_9_,_ .333TI .016_7 _0,336

.8997 _.oz 7._ .o3_ 1.o864 _.6 ._3_ .0166To 96.397

.9.593 9.9o 6.33 .0"_ 1.09_ 30_.6 .337_i .Ol_X_ i_0.81_

.9T17 10.77 5._', .0177 i .o96_ 306,_ .3_II .oi?136 165.6_ 9

-9952 Ii.8_ _.3 "_ .0137 1.0981 309._ .33879 .017273 16_.866

1.01.19 lj .13 $ .St .0103 1 .D9_6 312. 9 .3_91_7 -017_ i_9 •T39

I._i i_ .80 _ ..%_ .00"/_. i,i0_ 316 .,' ,3_I_ .O175_ aeo. SO
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TABLE XVIII.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BAllISTIC ENTRY

INTO ATMOSPHERE OF VENUS; Vi = 1.02, _a = O, Zi = Vi×lO -6, _r = 900- Continued

(c) 7i = -4.0 °, ei = 0.08056
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TABLEXVI!!.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORR&LLiSTICENTRY
INTOA_40SPHEREOFVEN_SjVi = 1.02, ffa = O, Zi = Vi×lO -6, _r = 900- Continued

(d) Yi = -5 .0o, ei = 0.09600
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TABLEXVIII.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRY
INTOATMOSPHEREOFVENUS;Vi = 1.02, _a = O, Zi = ViXlO-6, _r = 900- Continued
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TABI.EXVIil.- VALUESOFZ FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRY
INT0 ATMOSPHEREOFVENUS;Vi = 1.02_ _a = 0, Zi = ViXl0 -6, _r = 900 - Continued
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TABLE>[IX.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY INT0

ATMOSPHERE OF VENUS; _i = 1.04, _a = 0, Zi = _i×10 -6, Dr = 900

(a) 7i =-3.0 °, ei = 0.09685
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TABLE XVIII.- VALUES OF Z FUNCTION AND RE!JLTED QUANTITIES FOR BALLISTIC ENTRY

INT0 ATMOSPHERE OF VENUS; _i = 1.02, Ua = 0, Zi = 7i×10 -6, Dr = 900- Concluded

(g) 7i = -i0-0°, ei = 0.17815
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TABLE X-IX.- VALUES OF Z FUNCTION ANDREL&TED QUANTITIES FOR BALLISTIC ENTRY INTO

ATMOSPHERE OF VENUS; _i = 1.04, _a = O, Zi = _i×10 -6, _r = 900 - Continued

(c) 7i = -5.oo, e± = o.i1918
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7.57 13.59 .C_BT2 ,77_ i_.i .167"19 .01678_ IC_ .826

7.79 12.92 .0T59 ,T765 145.$ .16772 .01685E 111,7£7

8,3_ ll ,_9 ,0957 [ 1193,O .i_'_77 ,O1700_ 187.7i$

9,O3 99@. .035_ .7883 15_.I •16982 ,01T16_ i_7-$77

9.1_ _.17 ,o318 .T906 152-9 .1703A ,017_ i_9.151

10,o2 _ .)6 .O'ZS_ .79_6 15A.8 ,17o_7 -01735_ 17_.6_I

10,68 i,Sa ,OaO0 ,_$ 156. 9 .ITI_O ,OlT_y, I_@ ._16

11.51 !_.TI ._q53 -7958 159.3 .17194 .017_1 207,15

i_._6 5.89 .311_ .79,'C_ 161.9 .17e!_ .01765 _ _.96

13.95 h.07 .0(_I .798_ 165.1 .175CA .01778_._ _58
i ._7 _,L:'7 .oC_ .799i i6E.8 .i?S61 .oi..-9_9 _96_

l_.6h 3,_9 .Z'03t_ ._'99 175._ .17_20 .Oi81q.l 358,97

$0.65 i,06 ._09 .8009 197._ ,17565 .01B671 57_,81

.o_oo i .iTC_ 37,11 1-755 .'30o6 .801o ±93.9 .17579 .01889" TO2.1D

.0_0 1,_g_6 _7.20 i._5_ ._C_ .801_ z_.6 .i76i_ .oig_ 933 ._6

.0_00 I._6_i 63.65 z .$i7 .o002 .80i3 _iT.i .i76_ .01971_ i_6_ ,13

.0200 _ ..o981 83._ l.i_ .o00! ,8015 _gh.9 .17671 .0_o5i0 _997,_

.0100 J ._905 90.00 1 .C_? .o0co ._i6 3_7.5 .1_7_ .0_1930 i10_71.5
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TABLEXIX.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINT0
ATMOSPHEREOFVENUS;_i = i.04_ _a = O) Zi = _i×lO -6, Dr = 900 - Concluded

(f) Yi = -lO.O°, ei = 0.19134

I

g I

i.o_ o,oooooiG io.oo, o.ooo_ o,ooii O.o¢¢ ]
i.o_o5 .C00¢¢2_ _ .9"- _ .oooi .0018

1.041o ._77 9.943 ._ -_ ._Y

1.0_19 .ocoozl6 9 91_ .ooo7 .0052 .0015

i._o .0o0e613 9 6_5 .oo2o .OO87

i-0_25 .0001795 9J_53 .0096 .01_9 ]00_

1•0432 ? .0C_473 9. l"_' .o773 .o553 -_3

1.0_30 ,006517 _. ,'4c .2o4 .0897 -03_

1.0_25 .OlOi_ 9._]3 .317 .111_ .0_]6

1.0420 .o13353 9725 .417 .I_I .0479

LO_IO .oig_IT _."_-_ .603 .1537 .o5T8

1.0390 .05191 9.'_'," .2_3 .O952

i.o3_ .077_6 9.675 _.41 .]004 •1167

i.o_ -10337 9.(72 3.18 .3_ .13 _6

1.0280 .12858 9.66,8 3.93 .3768 .i_01

_._]6: 4.6_ ._067 .1641
i.oi_o .153_

_o_oo .1_3 _.6_ _:_ _s_ 17_
i.o_o .2029 9 !,6_ .6562 .1886

I._OO -_7_ }6_ i. 6.82 ._768 .199_,

,99C0 ._7_8 9t,6_ _.19 .5121 .2196

.9800 .3_36 ,,.6_ 9.51 ._%08 ._376

.9600 .4176 9._ _3 12.03 ._35 -_693

• 9_ ._537 '.< 6Ti 13.2_ ._99e •_3_

.9_0 .5094 _ .(^_z IL36 .6114 ._967

• _]oo .9549 9.687 15.47 .6_tl .3O92

.92o0 .599o 9.692- 16.53 .6_83 .3_I0

.9100 .6431 9.6[_ 17,_6 .6335 .33_

.68oo .7719 9.71 _" _0.37 .63S_ .36_-, 71.1

.8600 .8_90 9 -733 _.06 .634_ .3SO? 71.9

.8_00 .9360 9.7_9 _3.59 .6236 .3973 7_ 6

.8_00 1.0146 9.76 2_.96 .6133 .4127 73.3

.8000 1.0909 9.7_ _6.18 -5979 ._27c 73.9

.7600 I._364 9._27 28.19 -5}99 ._- 75-1

,?lu_O 1.5055 9.5_ _8.98 ,538_ _6A_ 75.7

•T_ 1.3720 9•81' 29.64 .511_ .4751 76.3

•7000 1.4360 9._2 30.Ig ._91] .48_ 76.8

.6600 1.4972 9.93c 30._ ._666 .4947 77.4

,6600 1.5557 9 ._30 30.80 .khl4 ._36 77.9

.6400 1.611& _ ._.9] 30.9& .51_0 -512O _.&

.6_00 i ._6_1 i0.02_ 30.95 _3905 ._l_ _.0

.60C_ 1.7139 lO_Otl _0.8._ .3651 .5_7_ 79.9

._80_ 1.7605 lO.ic i _0.63 _33_ .53_i 5O.O

._600 1.5O/_0 lO.l .i 30.03 .3152 .5406 5O.6

._ 1.8809 ZO,_m Z9.34 ,2674 .5_h 81,7

._(X} 1.9141 10.3,0 28,71 ,2_46 .9577 82._

._600 1.9693 i0.437 _7,18 ._01_ .5673 83.4

._h_O 1.9910 io .512 e6._ .iSle .9716 _.o

._aCO 2.0086 10,996 _5.31 .1620 .575_ 84.7

._a00 _.03005 10.793 _3.15 .1268 ._i_ 86.0

•3600 _.03_ 10.910 21.97 .1109 ._60 86.8

87.-3400 _.0333 ii.04 2S74 .0961 ..9]a9 5

._0oo _ .o151 11.37 18.1_ .o7oo ._94C 89._

._oo 1.9973 Ii .5_" 16.78 O_ .5962 _.2

._600 1.9733 ii .82 15.39 [_- .5983 91.2

.2k00 1.9426 12 .ll 13 ._9 .0393 .6001 92.3

._ 1.9oI_ L2.h_ 12.57 .(]313 .6017 93.6

._3GO i .@_99 i2.9' 11.16 .C_h_ .6o31 99.0

.1800 1.8o61 13.46 9.75 .0185 ,6044 96.6

.160o 1.7_ I_.I_ 8.37 .0139 ,6-05_ 98-5
,I_OO 1.6727 15,1 r .o_7.03 .5O64 100.7

.12c_ 1. r2918 it._& [._ .0063 .5O71 I03._.1_ i._16 _i_._c ,. .oo39 .5O7_ _o6.s

._9oo 1.4556 2O .C_] 3,92 .00_ .6080 i0_. 9

.0800 1.5O_ 219r 3.37 .ooe2 .6o8j 111,4

•CToo 14956 2_,56 _.85 .0015 .6o8[, IIL_

.o_ 1.3106 _:.2_ 2.36 .OOlO .5O_ liS._

.04oo 1.28_I _3.o6 I._I .oo04 -_@9 I_0.9

.03OO I._336 5O.oi 1.29o .ooe_ 6O9O 14_.3

.o-aoo 1.9_77 _.9c la93 .0OOl .5O9_ i_3._

.01oo 3 ._905 9o, .c_; I .ok7 .ocoo .6093 _56.0

o c, o o.oo0

5.1 ._ .ooll3# ,oce

15._ .o1945 .003_I_ .001

.8 .oz607 .00&571 .oc_
46.3 .o3293 .co576% .005

_.7 .a_918 .oo5o ,.a .Oyl

4h.7 .05601, .0_794 .187

_6.9 ._9! .OlO_" ._a

_3.4 .06069 .OlOT _ .38_
5o.3 ,06309 .01_ _ -367

_1.6 .o6477 .0112',_ .'[21

95._ ,069_6 .Ol_Oi,9 1.90_

57.6 .'3T_3 .o_5_': _.268

59.1 ,07Kll .01_4. 3.0_5

6¢.3 ,07556 .013_3 3.782

61.2 .07675 .013_, %.539

62.1 .07776 .O13ho', 5.297

63.4 .O7941 .0137_ 6•8_i

6_.0 .O_Oll .01_7 "I',_

64.5 .0_74 .0139",d_ _.357

65.5 ,o8185 .Ol*UO_ 9.9o6
66.3 ._ -01_3_+. u.470

67,0 .0_364 .OIL_O9 13.C_9

67.7 .08439 .01k597 i/.649

68.3 .O_r:O_ .014713 16.257

68.8 .C@570 -01_19 ._6
69.3 ._6627 .014917 19,_3_

69.8 .06680 .oi_008 _i S'so

70.3 .0@730 .01_093 _2 •689

.088_ ,0152_ _ .315

,0890_ ,015388 -9.827

_3 .01_6_ _7.I_O

.O9106 -oi5739 b:,.91o

.O916_ .0158_0 _.8C4

.09220 .019_3_ _ .807

.092"[1 .0160_ 52,9R6

.0932i .016111 _.16_

.09368 .016192 t'l._l

,c8413 .016_71 '_ ,053

.094_ .016_7 70,713

•o_ .o1_,_o_,:_
.0953_ .016_91

.09577 .016560 !, .694

.O9615 .01_8 91.063

._65_ ,01669_ 9 _ .6a3

.09688 .01_759 102 ._

.O9723 .0168_ ic,_._1_

.o9758 .016386 _u .8_7

.o979_ .0169_ 121 ._77

.098_6 .OiyOlO !,e 431_
,098_9 .OITOTI _5' .751

._8_)2 ,01T133 I_3.470

.0992_% .01719_ 151.634

.09998 .0172_6 iI,o.3oo

,O9990 .017318 169,532

.i_2 .017_81 179._I0

.iOO55 .OiT_5 19o.0"_

.IOCA8 .017510 _OL_i

.i0121 .017577 213.99

.i01_ .0176 A_6 22 i' ._

.I0188 ,017716 2__,8_

.loz_ .01779e _t_ .75

,iO_57 ,01787e Ji_ ,93

.!0293 .017956 3Ol.Ol

.i0331 .015O_ 3_7 .co

3_ ._'3,I0370 ,018150

,io,%11 .o18256 397._

.IC4_ .01_5 _34.5a

.lO5O_ -018578 ' 2_ 6_

.i05_7 .018687 _ .96

.IO5_ .OlSSal _5_ -3_

.I0616 .0192_ 963._

.i0651 .01_690 1_33.65

.10677 .O_O_OA _981.6

.1066o ,093.900 10471.6
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TABLEXX.- VALL_SOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINTO
ATMOSPHEREOFVENUSSOTHAT V-Z=o = 1.0, [a = O, Zi = VixlO -e, Dr = 900

(a) Vi = i.i0, 7i = -3.5 !0°, ei = 0.2184

I !

d_g _ I _e= I v

I .looe o.oooooll _ ._,io o,ooo_ o,c_13 O ooi 2 o o o.c_z_, _ o.oc_1 .ic(z., .00o0059 _ .2T_ .OCt1 .oce5 1%6 .c_359 .(_.¢

1 .lo_; .ocool3_ _ ,o_T .ooo_ ,_T .0057 )6.7 .c_30 .Oc2_l! .Oc_

1 .ioi_ .Ccoo5_ 2 .%3 .cOIT .oo_ .oo91 58.9 07863 .00_;_ .c_z
I.I_) .ooo_69 a.l% .Ol_ .0_70 .03_8 loo.z .x347_ .oc_ 7z .oi_

l,lOC_ .0_956 14Vi .C9W5 .06go 4/77 11)9.3 ,20078 ,C_T7_ ,0-1

1.c9_ .c05h88 ll_5 ._1_ .lOll ,_07b 178.1 ,_)91_7 .OOg, O- .17_

I.O_ .o1991_ ._', ,cel ,1557 .71r_ _?T.6 ,_6990 .OlC_6 -57 _

i,o3oo .ceo_l .c_z .6_7 ._ .7915 _9o.T ,_86_ .OLC,,9 ._i

1 ,o_x, .C_O14 .coo .606 .i_19 i.o_ 330.1) ._3_68 .olloLt .(ok

.9900 .0199_ .OlO ._9_ .1378 1+o7_n 31)_,1 ,4_31 .OllOl_ .403

,_SO0 .019869 .Oi _) .584 A31)0 I,I_ 398.0 ._69o 7 .olioi_ .(_3

._400 ,o_z6t ._SJ .638 .I_88 1.40_ _ _I_,1 -53376 ,oL_c_ .7_

.8600 ,05578 i$7_ 1.439 .l_O 1.?8_ _6.1 .61451 .olin311 i.?_

.7_00 , L_'=4)_8 _._3 _ -91 .IS95 1.99_9 5t8._ .-_69e ._1331o 1).7[_

- _ ,c_5375

,t_O0 .54_1) ",.20c 7-B3 .L177 _,29e6, 565.1 ._35 .015_ 33.9' 5

,I_600 .ST_ ', ._.-k' 7.95 .lt_g _.3013 567,_ ._8555 .019_ _' 37,5:._

.l_O0 ,6AIO %._[o 8,08 .o91_ 2.316_ 571-3 ./8776 .oi_o 4_,7_

.3600 -758g _._i 7-9T .Of_ _,_3h5 _77.5 _ .Ol6la_ 61,_131

,3go0 ,TTO_ 7,_T 7. &S .0_ e.3391 57%6 -'_157 .01_',' 51_ 67,97_

• 32_0 .8019 , _,, 7._ _ _,343', 581-7 .69e_3 .0163 fz ?5.1t_o,_CO0 -833o _._ 7.50 i 2,347_ 503.9 r_._5 .Old:: 83,2_

,2£_0 .8_ 9 9.17 6.96 .0326 2.3539 =._8.5 _)_l .016_i 103.ct _

.2_O0 .9211) ,_.61 6.63 .Cell 2.3966 791.0 699_ .oi_ _k i15.1_1
,_oo .9_8g io ,,, 6•26 .Ceel _•3_9 593.6 69627 ,016,,7_ 329.394

•L_:O$ .9750 ll.&_ _,8_ .O1T? _•36C _-_ 596.1) f0697 .017] lo lm_._o

,1800 .9996 _a; 5.1_ .0137 _-3_'r' 599.4 696'66 .O_T- 55 166._c¢

.i_ I .c_26 13 -77 _.91 .oio4 _,_i 6_e.y .<0_33 .017;_L 191.74_

,l_oc I._o iT._ 3.83 .O0_ e,36_ 610.7 _ .017771 _65.90

.ICO_ i.o837 _o ._;[, 3._5 .0D33 2.3671 615.8 )'CO_9 .o17")'1_ 3_5.11

._ 1.1069 _'; ._4 2.66 .0019 _•367 ,' 62_+_ _009._ .01_ . hl_.lO

.o_o i. 11)T1) 5_ C_ _.o7 .0009 _.36_i 631.0 70179 .o1_? 5_-T2

.O=_ 1.189_ 3_-37 1,78A .C005 _.36_ 637-_ ._01_ .O186 ,'i T1_ ,6 t'

.Oz_@ I._7_8 _#.oj 1.731 .O00k _•3_.t, 6_•8 ,70_6 ,01919 i 996.8_

.o100 3.49_6 _0.00 1.0k7 .00_0 _._6_5 769.7 .7f_83 .¢t_E>i iO%71._
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TABLEXX.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINTO
ATHOSPHEREOFVENUSSOTHAT V%=o = i.0; _a = O, Zi = Vi×lO -6, Br = 900 -
Continued

(b) Vi = 1.20, 7i = -4.890°, ei = 0.4469

V

1.2olo

1.2oIo

1.200_J

1.195o

I. 1990

l.z_,,

1 _lS(k,

1.170o

i, 150]

I .liOO

1.1300

l. J200

l.ilco

1. ico3

I.O_,

1.060o

1.0_06

1.0_oo

l.oc_

.9_0

.9600

.9_O0

.geo0

.c_Im

.8800

,8/_0

.81_0

.8_cJO

2000

.78_

,7600

.7_00

.720o

.7_

.6SO0

.ffl_o

.6_00

.60(_

.920o

.5o00

4200

,sSO0

.52Oo

dooo

JO0

,.r_o

22oo

,_o0o

1800

1600

.moo

c9_o

.o800

•oIoo

.o600

ag(m

.oI_OO

•o30o

.ceoo

•oI0o

0 A_0000!9 _ ),, o.ocoo o .oo17 0 o : o 0(_" o._..,

.C00_3%3 _._22 .01_7 ,o33o ,U_69 63.3 C927] -_(,9_" .0_!

.{x_30 2._,_ .IOT_ .ca6! ._ ,',_ 9e.7 .i3985 .OOB686 ]

.o088 Ti L, ,_l ,318 ,1_70 .I_O3 L!_._ .16772 .o_]9o_ ]

.oi_565 i, "_, ._B_ .iTs9 ._31 _zD.o .183e5 ,o103 _9 .3_z

.03_i 5ol 1.270 .2_I .9_5 162.8 23_ .011_6 960

,O_766 ._N 1.987 .283_ .797,, iSg._ .2_3 .o118_3 _ ._88

,o_19 ._, 1.623 .2S15 .85c a, 19o._ ._7F_e .oli_98 1.3_a

•o5199 I._53 ._63_ i.O_ _' 21CA .301_I .o12_ _._71

- _193 l.&90 .eDl_ l.l'q 2_0._ ,3 i:*_3 .o_mo_o _ .i+98

.u5_8 ,oJ 1.999 ._79 I._3_ 230,6 .3_734 .o12_e8 _.9C_

.0_82 .i'*_ 1.377 .i_9,3 1.96., 275-(, .38ii_ .012.06_ 1.5_

o_993 .:Fi i._78 .18i_ 1.6ugu 287,_ .35_69 .o12113 1,h_8

o566_ ., l_ i ._,6 .l;m9 l.@i_, iv_ . _.o09 ,032303 1.93i

o6a79 ,bi_ !._o .171g 1.881: _21; A313_ ,o12_ _.19o

.oTlo0 !clio i ,, .17_3 1.9_8 _c._ .l_-l_! -oi26o5 _ .536

- )937B i_ .17_3 _-O_78 3_7 ,_ ._57_5 .O1_969 !.517

LO_ 7 i ,',:_ 2 O3 .1765 _._ge_ j_._ .t_6_3 .013156 <16_*

• IB_63 2.6_ 3, _ • 17_ _.z_99 _7 _ • _373 .013870 _. 91]

._O78 ;_836 _._ .1738 2-_556 iT''. ._8T16 .O1_O33 L166

-23_3 2.C91 _._o .1706 2 ,_7_e !a_ _ , _.q_e_ .0i_19_ i_.99a

41_ i.698 ".._ .i561 e-337o _2.9 ._9768 .o1_6e8 i%66i

.3_3 _.918 -,,u_ .I_99 _-3536 !9 _ A9973 .01_765 it,_T

,_o_ <371 , _ .1361 _ .381_ _0i.o ._o333 .01_6 Zl.l_0

•43_9 _,. (_c,5 _,. '5 2,286 2.393_ _03.:, ._0_99 .O151,52 b,o_3

_53_ L363 :'.P, .IO_ _._23_ _la .9o913 .o15515 :,<780

-5670 %639 7-4'_ .0967 _._317 '4_ .5i0_9 .01_32 ?L66i

_I0 %_9 ,'. ,_ .0886 e._3_ #]_ .5115o -o157_8 _! ,g32

63_3 6.238 ,_.'_ ,0_7 2.1_59 _171 .532_9 .01986_ _ _,6_5

.6696 6.57 , ,C ,O728 2.45eO 41'_ i .5136_ .O1_2_O _.863

7o_9 5._ 7._:_ .e6_ 2._97 _ _I_ .51_59 .O16096 _.659

TT_o 7.7'2 7_I _ _ ,_469 _'_.'_ .9i6k_ .0163_9 r2,],_

.83B6 S.69 ;0_ .03_0 2._7_ k_c .51_09 .016569 ug.S_7

10151 13-93 _.b7 .OLO3 _._79 L:_7 -_ -o17_03 l _o,327

1.o3_ I_._9 _ .oo75 _._891 .5e3_2 -OITST8 _ ,_9

:. og'y_ ,2,87 ;. _ .c<_9 _ .I'911 _,3 .'.' .52_7k .018i28 _r,_.2_

t .1909 ;3.17 , _c,T .cole z._919 _"[ ._ .5_572 .oiB633 5_5,1+7

!.19931 39.#9 i r_{: .0006 2.1_ i@l P ._6_ 9 .o18875 715.85
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TABLEXX.- VALUESOF Z FUNCTIONANDRELATEDQUA/_TITIESFORBALLISTIC_ITRY INTO
A_'dOSPHEREOFVENUSSOTHAT Vy=o = 1.0; [a = O, Zi = ViXlO-6, Dr = 900 -
Continued

(c) Vi = 1.30, 7i = =5-735°, ei : 0.6938

V

1.3000
1._oce

1.300_

1.3oo_

z. 3o_
1.3ooo
1.2_50

1 m95e

t,28oo

1.26oo

1,2_oo .o5546 ! ,. _.o6

_._c_ .o73o3 .,:: _.,,_

1.1600 .oTmJo .:o 2.79

i .i2oo ._; . < 2.96

l,l_ .0e89_ i;, 2.c4

I.OGOO ,o8839 ,,,_ 2,81

l.Camo m87_ 7 L.)_ _.7_

-9_ ._loi .oi'* a.33

.90oo .069!i .2_ 5.16

-7_0 ._i'_ I._3 _-85

,'_ ,191] ' 2,45' J 91

.*.o_o ._85( 3.39 '.i_

.5_00 3_9 3 ,6_L 45

.5_C%_ -3703 LI]4 r ,_

._zl:_ .koo_ N .39C ,:._5

._,_0 ,5315 5.901 , .Ee

._2C0 ,5659 9.81] _.13

,_oco .6C_T 6,13e ,'.21

.]ooo ,77?% B,17 ,',co

.280_ .612_, 8.70 , .B2

.2'*OO .88g_ 9.9t' ..jt_

._oo .91_ i0,7_ _,,03

.L_OOQ .9_9 11.64 ._7

,1_ 1,0o37 1_,o5 4.Ee

•l_C_ I.o3o7 !5-7_ _ ._

.12_ ] .05_,i l[,gj .80

.iooo l .c,_1_ _o,99 .2_I.

.o9oo I. 09',_ 25.03 ;_ ._:.
,C_<X) 1.1o87 e5-59 _,_

.070o 1.1_69 28.89 ±_T

.o_oo

.03oo

I I

z ? ar _ I _ t. _ I "_:' q_--_;-_-

_.mmoc_s3 : c.CeOl L. 0_2. O O I3 {) O.GC. 3

._60 _.,:. .ooc_ ,o_/; 7 ,oo1) I/,1 ,:1171t_ .oOii _; .oo, j

.oo_We . .Ixul ,OlO_. .co;. z5.5 .o3717 .u.a_L_: ._ci

.c0i870_ _. ,, .u,_9 .0_53 .Oa_., r:_.l _01_ ,OCe_,'r .o-

k _
i,618 4667 AgO_ lIT-9 ]86Z_ .oI_5 _j l•Oi,

• _ -_6, 13_,2 .:io87 .Ole:C. < imc?

39_0 1.17_+ i',3,6 _3_ .oil5; ', z,3t

3656 1,333' 17_._ 680,_ .o12_5 ,' ' 2 ._;'4

._731 !._594 _05.5 ,3o669 .ol_6uo _.5_,7:

.a291 1,8_91 _.9 _I_9 .012631 _,D9'

act6 e ,oo_- _2.0 . :.,8]2. .o_7c' " 2.7_'

1995 _ ,u6a2 aI_9.6 ,j mi,_ .OiZT _ _,9_

.19_o z.ll>< 2_7.0 . _,,,j88 ,oiz_, 3.1_

.18_0 2.2_3 .'71,0 . ,7_i .o13om] 3.87 a

i70e _.393 _ _98.8 '-J9_ ,01_79_ 7.38'

,16TO _ ,l_eo5 303.2 :'7_3 .0139 & , _,_Cl

i_i 2 ,_75 jii.i "356 .01_._,., li .o'_;

15#3 2 ._.'z8 31_.E _828 .oI_38+ _-57

.!#_ _-_9 _21.0 .4 O99 .0!_66_ 16*IT

t3fo a._e _28.o ,423c0 ,Ol_,T!Y' 18.2_

i_.F2 _._7bo 3e,l ;, 5_o ,o1316 *_ 23.93 r

m1_, _ -9957 _7.0 _)t19 .o15_3 _ 32,t_k

.o9_6 a._3 ;39._ _o .o1556c 36.239

.o710 2 ._2_. '_6't l,_ge, .Olt,-_4 ._o ,i'E'

.o637 _.63u_ ;4@.7 ._3_9 .OlAga_ D}.935

•0567 2.6359 9!.0 ,43_T .01616J _.357

_2 2, C'-_05 b3,_ ,a_8_ .O162B- 69.57_

.()37_ 2,#_81 _.I L, <)63 .o1653.: 87.059

.Oil/ 2.651_ j6o,6 ._,, .A._ .Ol,-,,',e, 97.7o_

.,z7_ _ .6585 _.8 ._,;'fo .oi7o7t i#1._8

.o136 2._ 71.9 .4 ) ,_i .OLT227 I_.519

.o103 2.6617 ?>_ #_o9 .o173_ i_9._o_

,oo7# 2.66_9 :Tu+l -J1_076 .0175_ 2_0.86

(,oe5 2.66-50 j'i5 _q7_ .01812t _6!1,68

_io a.e_aS7 _, r _ -"37 .oia6_ 576.31

1.i9_> 39._ _3 .oco_ 2 ,_659 -.o,).? .I_7o .01.88W _iT.29
1,2816 _9.19 , >j8 <_Ob a,6660 41@ ._ ._ .01720_ ._61,18
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TABLEXX.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYINTO
ATMOSPHEREOFVENUSSOTHAT V%=o = 1.0] _a = O, Zi = VixlO -6, Dr = 900 -
Continued

(d) Vi =_-Z, 7i = -6.460°, ei = 1.0000

i

i

1._m .o_o_J_ 5.613 .coo_ .oc_,_ 2oo_,_ ,
].41_2c .000_ 5._I : .ool_ .0156 :006_

I.EI415 . o0o1'{, 4 _.9_q .0o75 ,0396 .0l_&

1.41410 .oos3cu _ _ 70_ .o_>_ .0413 .o199
z._140 .000_, _ _.47 .023o ,o5_ .02_

i,_130 .00261 3.7 m ,I11_ .1223 .07_7

L_llo -_3}; 3,33[ ._@-< .l_a3 dP37

1.4100 .00804 : 3.19 ,3_

1.4o9o .0_57_ : _'.7 _, , .665

1,3_oo .o6379 1,6_ 2.6O

1.3_oo .o78/_ I &l,, 3.17

1.3ooo .IOI_MI 1.o3'9 3.97

i .2too .ii'[9__ .Tm 4,_5

1 ._oo 12_. .)70 4.6a

I .IMoo o133_._ .39 _ 72

1.16oo ,134_3 ,31 _.69

I .lhO0 *13_2 .24, _-63

1.1200 .13527 ,IS: _'55

1.0_00 ,1331_; .o_ _.32
1 .o6oo .131_I .o_n _.i;_

l.o_oo .1293 o ._ _.o 3

[.o2oo .L%._. .00, 3-_9

.9_oo .12203 ._o_ 3._59

.960o I_7C .u'_+ 3.45

,94OO .11"[65 .o6] 3-32

.W200 .1i603 .IL' 3._o

.RSOO u_77 .26, _.o3

.R600 ,ii_9 .37J 2*9 B

._%oo .31733 ._)_ 2.96

._Jooo .1_51o .RII 3.oo

.7800 ,13131 .991 3.o7

.76OO ,13994 I.I_D 3.18

,7400 I%_6 1.393 3.31

.720_ 605_ 1.611 3._7

.7ooo ,17399 1.83- 3.6_

.6_ .IM932 _.071 3._

.6_)0 ._2_D5 2o_5:5 4.33

.62OO .2_63 2.801 _._

.6o0o .g<S_ 3.o5i 4._

.9ooo ._038 I_.39, _.o_

._400 .4997 5-30;_ g._e

.4_DO .3336 _.631 6._

.38oo .6035 6.3_ 6,88

.3600 -6393 6.74 6,90

,34OO .6_ 7.16 6._9

,32oo .7116 7.61 6._3

•30oo .7583 8.ii 6.74

._80_ -7_7 8.66 6._9

.2kCe .8565 9 •96 6. l ?

._200 .KgI_ 10.76 3.88

.2000 ._Sh 11.68 >._

18Ce .95_3 12,79 _, 17

.1600 -9_97 I_-13 #-7_

,i_oo 1.o195 13.83 _ ,_8

.]eoo I.o_79 i_.o6 ] .77

.lOC_ 1 .o7_5 21 .i_ ] -_3

,090D i .O90_ 23.13 3,_

,_800 i,I065 2_.7D 2,66

,O700 1.!261 29,06 2,36

,060D i.I_32 33,49 2,08

• 0"_00 I. 19"_! 39.7_ 1,79_

,OhO0 1.2839 49,32 I,_I

.o3eo 1,4934 64 ,_ 1.34_

.o2oo 2.8Oll 83 ._7 ! .2oi

.OLOO 3.4_ _o.co 1.C45

I

o o o c,O00

13.1 .o2:_57 .o(y2h26 .o00

_'1.3 .o3661 .co_{,D_, ,001

31.# .051_29 .O0_ho ! ,00_

3_.> .06132 ,oc,99" ," .oo6

_o,o .o_612 oo_P_ ,035

_ o_37o_3_ o_
99.9 .1o313 .CO_*_,. ,o97

63.5 ,1C930 .cc93 ± .135

,2117 olh3_ 66.2 ,i139_ .C_9_,2 .171

.2"939 .220_ 74.6 ,12_35 .0103_ .337

,3_9";_ .28o 9 79 7 .137O8 .Oln- .4_6

.4255 .378_ 86.5 .D878 .01_ '_ .v93

-_77_ 459£ 91._ 1371o .O]L_ ', .991
•5a4_ .5973 9_.8 .1693& .0] 19_ i._07

.5a35 714_ I04.4 .17H70 .o12; ,c 1.765

.6148 .7166 ii3.6 .19344 .Ol_t _ .34_

.6161 I.OC6£ I17.5 .1_{2 .O326_b .56o

.6111 l.O�lh 121. 3 ,205_6 ,o]_73 ;'.}GO

.6012 i 17>0 12A, 9 .2111o _o] 2_D 3 ;.sd 1

.9677 ].2%.30 128 5 .216_I _Ol _t_l ..1'

5Vl_ ] .3_30 ]31.? ,_15_ .012906

.592D _,3_4 3fl.h ,22660 ,012q_6 .

._322 ] _635 13_ ._ .231_6 .012977 2..:J

.51o6 ) .53o_ I_2._ .236_o .013001 !.5_;_

._&'_3 1.59_ 1_6.0 .2_1,2 .m301_ 3._.2J

.h_24 1.7_I£ 153. 3 .2913_ .Ol_O_,: 3.b_9

-4_94 1.7a-_7 ]>t.P .2_638 .o13(:_ 3. j'L_

,3966 1._ 161.2 .2615D .OI3C' I 3.:jO

-3v_ _ -9oO7 1_5,3 .2669_ .Ol3C 3.,q+

.3_R 1,9579 169.6 ,27zOo ,o]3£' 1 3.,

.3321 2.O141 17_.i .27741 -o13£m : 3-,:,

.31_ _,o6_ IvR 7 ,e8_93 *O13£', 3.:%]

• _'93@ 2.1228 I_3.6 .28855 .013£' __ 3. '..t;

-2765 2.17_3 l_q .6 ,Z'_426 .o136,,:- 3.-':;4

.2606 _._64 193.8 .3oco3 .o136, < 3,_ __q

.2561 2.27_/_ I_9.1 .305_A .O13],: 3.,,i_

.2331 _.3239 20_._ .3116_ O13 &.c:_

._'k19 2._699 210,I .31739 ,o13] 4.1d

. g'025 2.4957 222.1 .32846 .o133 ,, 4._ _i

•i_7 9,h951 226.6 -33369 .o133 _ _,c :.':

.i_79 _-53_ 231.8 .3_86_ .O13_ >,,, _,

.tSlg _- .566h 236.9 .34330 .o13.= ,, 6.o _

•]763 _-59_3 _I.8 ,34763 .0137 ]
,171o 2.627_ 2_6.& .3516_ .O13821 _... ;

.1659 2.6_ 2_0.8 -39539 .O] _c4 " 8. _

•1556 2-7025 29_,3 ,36186 .Olb20_ ]oJ I

1=,32 z.7233 _._ ,36_71 .0143'_2 I1,91=

.14_6 2. 7423 _6.1 .36732 .oI_ rh ]3.Lj/

.13A6 2-7595 269. 4 ,36972 .o!46_ 15.i_

.132_ 2.7753 _72,6 .37192 ,014741 17.o63

,I_6,D s.789fi _7"_..g -37394 .014_-_ l_ 2OO
.119_ 2,P_6 _78,5 .37_i .OISGD _l.>_l

,I123 _ .8!4_ _Sl.e .37754 .o15_ _ _%,_:: ;

.o835 2,8516 291 6 .]8333 .oI_63q 38.1!_

,0763 2.8588 _94.0 ,3_456 .01576 _ 2.61

.O691 2._652 296,_ ,)891_ ,o15,_mo2 _7.6,J+

i0_2 2.871o 29819 .38679 .Ol60Od 53._ '2

,0_5_ e.8762 3Ol,3 ._8781 .o]61 _I _9.597

,O_9 9._O9 303.7 -3_8 .0362' _ 66.735

101'-26 2.889O 306.1 •)_970 ,o163_ _ 74.83_

,O368 2.8A96 308-7 .39o_8 ,01651 _ PA.O _-

.0312 2.691 _ 311-2 ,391_ ,D166_': _.712

.O261 2._9h6 313.9 . _9"_23 .0167'£ 107.0uc

•O21i 2.8_1 316.7 .)93O0 ,0169 '_ 121.'. "_
10172 2.8992 319.7 _39375 .o17o "o 138JlC

-013_ 2.9°O?. 322.8 .39447 ,0172. _ I_9.717

.olce 2 £X_4 326-3 • _,9516 *o_73 __ l_5._,:t.

.0S74 2.9037 330.1 -3958_ .o175 _ 21a._:

0o51 2.90_7 334.5 396_1 .0i77 5 261.9

.oo33 2.90__ 339-7 139"[16 .O_(_ 3_.v["

6 ._,

m_9 2"_ 3_2"7 ' 99"%9 .0181;_0 4h.313.9 ,.0019 _ .9060 3_6.1 397_=1 .018e_"

.oolo 2.9063 39_,9 .39_ -OlS6:2 576.>!:

,0006 2.9067 361 .I .)9879 .OI_B ! 738._q

.000_ 2._68 369-6 .39_I_ .O192 :R 962.9_
m_ P.9069 383"5 1399_5 -Ol�qlO I_93.43

,oooi 2.9o72 _10.6 .39966 .C_O_ + 3001.7

.0000 2.9o72 4_.9 . )9969 .0218 ,': 10_8.6
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TABLEXX.- VALUESOF Z FUNCTIONANDRELATEDQUANTITIESFORBALLISTICENTRYl_YfO
ATMOSFHEREOFVENUSSOTHAT V%=o = 1.0, [a = O, Zi = ViXlO-B, _r = 900 -
Continued

(e) -7.669o, =  .9866

z

1.7310 .0000_37

I.T300 -00097_

i.TaSO .OCall_

LT_O .olceo3

_._ .CIg_Z3

I.TI_O ice_79

I .TIO0 i03_3
l.y000 .05291

I£600 ._0505

i._OO .L_668

i .62oo .i_6o_

l.gCOo -16353

i30_ ._79

i ._mo ._632

!.39oo i_v2_

i ._C_o ._768

i .2OOO -_736

i.i_O0 .-=Ti3

1,16.00 ._1686

=./200 ._6aO

i.iO00 ._2

i "C'_ I T

i,oooo .e3_9

.3Q500 .2103

.moo ._073

JimO ._068

.TOOO .2163

.6600 ._3_i

,6000 .a691

.5600 .303i

.:400 .3_29

,_oo0 -368_

I_ ,511o

.3500 .54_0

-3_oo ._7s3

.3'.o0 .6137

._ec_ i6_ce

,3C00 .6871

i_ .T_9

,26_0 .7631

.15._ ._154

.i_00 .99_7

.IC_O [.0_7

.o9oo _.o767

.o7o_ ± .;2oi

._o_ .1983

.t'4_X, =.2%78

._ 2.0016

iOiO_ _._0

6._67 .c-7_3 .0_61 .era66 15.7 .0_8_7 .003_O6 .C_l

--._9 _ ._ .l_. _._ .o_o_ ._ .07,
179

i5_6

]._% i._ic .73T8 .39Zz _ < .lD561 .OIIL_I .6_

_.9h9 -_.','o ._68 .5o_ .-.Lo .I_397 .oi1918 .93 _

_.977 _my I .o39_ ._7_7 _-_ ,9 i13397 .0120C_ I._ 1

2.105 _._5 I._ ._363 re: ." .I_688 .O_9a8 2.3}7

I.gsI :.!o I ._767 1.04_ :'J,? .i_176 io L_T_ 2 TO9

l.h6T _.}0 i ._3 .T_. 1.38%0 _.! .16_I .013098 _.BTI

1.213 10.26 1.31_ I*_73 _3- .17 .Rgg .0i_._O I_._59

.997 io+<_ 1.26.95 1.7706 _"._ *17996 .0._3_14 5.1

.6hO ll.C_ l.lO.'_ _.09k3 95._ .19267 -0].%999 6.09]

h_O 10J9 1.0137 2i_3_ 9c.H .19873 .0136_ 6.387

•3_ iO .5_ -919 & _.3769 10_.' .20& 7_ .013699 6.6_

i_k9 9.h5 ,B_'J_ 2 ,_0_7 i06. i .910@0 .013730 6._39

• 163 :._5 i7_II _.60%_ !i0,1 *_1571 .OI]7_P_ 6.946

.069 d 92 .6_. 9 _ .T_-9 !i_.., ._33o .o1376_ 7.0#1

.OZ6 7.9 & .97Bi _.8336 11% ._85_ .013767 %067

.012 7.61: .5_6a 2.8769 [ii.7 •_3L9_ .0137_ 7,073

•0o3 'i'.3,- ._ _.9193 _-_ .23399 .01376_ 7,07_

.ooo i..o:_ ._857 2.96C9 _6.1 ._3679 01376_ 7.0T_

.03_ _,.,_t
_0_9 d,¢i .3789 Llzgo 2_I : m_56 O13zz2.= %101

.09_ 5.77 .355 _ 3-1563 ii;.9 .25165 .013T76 T.]L af

.I_ "_.55 .3332 3. i_'28 1_. ._0 .013783 7.17£

-_ 5.3_ .31_3 3._3 i_. ._5799 .oi379_ 7._z

3'57 '*._ ._577 3.3_88 _-.) -'6?79 .013_7 7._'

-571 _ .r:'5 ,_0 _.36oo i_7.', .2108 .013876 T._el

i.oc4 ,,,_, ._'zo _.:_61 v_.5 .c._ .ol_ 8.?_

i*]7_ _._6 .i_02 3.#967 i i'_.g .:'7_ .Olh13{ 9,_!

I-_3 _,6Z .L61# 3 ,_I_ t_.9 ._76 .01#_9: _1.37c

2.817 5.¢9 .i->92 3.6137 196._ . i0273 .01_69_ 16.234 :

_'.396 5.38 .ii#5 3._9_19 _C,_2,_ .506_9 .01_91_ 19._:
3.70 _ _*_ .lOT3 3.65h2 '0_._ .Z;0_7_ .01903Z. 2_ .09C

5,#60 _=.i3 :,723 3.7oo9 ._.o .]_ .oI_5 38.3_i

g 30 6 ,;/._ ._91 3.71_8 22_.3 . '/S_)3 IO]5_C_I IP5.19,

6,77 6.26 .u_8 3.7193 _,o .3_o17 .O16_ _.I_,

Tin7 :,.s,= .c_67 3-7'_ _ _,T ,_IZ3 .01616e 60.95,:

7.8] _ .18 .0_09 3.7_a5 233.3 .3_# .016_9_ 68.712

8._1 :.o9 .'_3_3 3.7323 z36.1 . _3_0 .016_3 o _.6t,5

9.07 ';.95 -0301 3.7_56 _8.9 • _#]t .01656 i 8_.0_ :

9,_] _I-77 ._3 3-7385 u_l.7 - _97 *0i6T1 ] IO0 19z

1t .6_ 5._T .o168 3.7_32 _t_?.B ,_658 .oI7oi' 13_ _

15.97 _i19 ,0073 3 7%78 08.8 . !_T8 iOlT_; _I1.8¢.

_i._I ].18 "6_33 3 7%_6 26_.6 .33013 .01_%95 317.6:

_._9 a.91 ,002_ ]-Z#99 271 T -]_6 .'91_13 35_.9_

_6,o9 -_.63 .0019 3.7502 279.1 , .:30T9 .Ol_z _iI.3 o

29._2 _-35 .o01h 3-75oa _79_.2 .3111 .o18_ _.C_

33.87 _.cg m_iO _._. _k/_.O ._314_ .018659 575.'_

_0.16 ".,g98 ,0006 3 -T_ 290., ° _177 .0189¢ ] 71a .9'_

.6_ 1._ .<z_c_ 317510 29_.7 <:3210 .o19_31 _,5-_.66 1.3_ .00o_ 3.7_x/ ]I_.5 .532#2 .0197ih I_97.3 _



TABLE XX.- VALUES OF Z FUNCTION AND RELATED QUANTITIES FOR BALLISTIC ENTRY iNT0

ATMOSPHERE OF VENUS SO THAT V-7=o = 1.0; _a = O, Z i = Vixl0 -6, _r = 900 -
Concluded

(f) _i = 2.0, 7i = -8"240°, ei = 2.9725

I Ig 5ec r ,

2 ,¢000 O.aX_OO:O _ .2_C ,3.OOO] , .OO8O 0 0 C 0.0019_ O.C',:,.999O .O(X)OI_ J 7.62_ .COO7 .0196 .0C_8 _.9 '_ia33 .CO

.?)8o .c<Joo7: 6._2 .oo_3 o_76 .o!o3 _2.3 .o_m ._39' .o
J .o0130"" _-71] -0783 .2035 .0986 _4. 3 .o5868 .007_ , .¢,_,

J.992o .0090_ _.698 .5_0 ,5326 .18_7 34.0 .o8e51 .oo93 .]y,

J.99oo .o13311 4._67 .799 .64_ ._3o_ 36,2 ,38788 ,co97' .?ul

J.985o .o23_ 4.o99 _,_12 ,8_9 .3276 39._ .99649 .olo_ J_ •]_,_

1.98oo .o3364 3-859 i,998 o118 ._o71 _2.1 .loRH .olo_ j ,510

_-97 Uo ,o9223 _-_3 _.o9 L,2_h 9 ._38L h_. 3 .iO977 ,0113_5 7_',

J .9600 ,069_ 1 ].3o 3 4.09 1._.179 .6_86 bT. _ .ii}18 .OII6JC 1.c6

: .99oo ,12947 2+7_ • _6 L.@_79 .9908 9_.3 .1_87_ .012_' ' 2.C_,

J.9ooo .195ao 2O39 _.86 _.9616 1-130! }_.3 .13139 .oI _}_;; _,4,_

_.89oo .2i16 2.166 ll.f_ 2,1al_ 1.4_92 D9.2 .]h_6 .oi_9.,_ 3,_J

; .79O0 .296] _.648 ;b*>_ 2._ 1.907D_ 65.2 .I_ .o]33 ,'- _,c

._ooo .3279 _ .44_ _6-_ 2.1563 2.11Of 67.7 .16O88 .o13_1 D,7 ,.

L-65_00 -35_7 ]-_6_ :_.k6 2.076_ _ .2958 70.1 ,±6_77 .o1365 ' 6,1q2

L ,6co0 ,37_4 I,IO! i7,_8 1.9761 2._677 72.2 -iT036 ,0] _7J_ 6,9 h

L ._9oo .3872 ,9_] i "t c,o 1.8611 _ .6_8o 7L7 .i7475 .o138io ?._,,

1 ._¢o .3973 ,812 17,88 1,7_71 2,778_ 76.9 ._ _'_99 .o1_8,9 7.9:,,_

1,'_5o0 .4033 ,68._ 1T,94 _ .6O79 2.9197 _.1 .18319 .0139_9 8,31_',

].400o .h094 .564 ;7,03 ;.4767 3.09_4 81.6 .187_7 .0139,_ 8.E,,
].3_oD ._0_0 .453 !6.]6 1.34_9 3.18Ol 84,1 .L9138 .o14o11 8.9 J

; ,_ex_o .3993 ._1 15._7 2176 3._004 86.6 -199_3 .o140_a 9.2._

J.29o0 -3917 ,25_ "..69 i .o9_4 3.41_9 _9.3 ,J.997 _- ,014062 9._o_

[,2ooo ,]816 ,176 lj.Tk ,974a 3 ._h_ _.2 ,_ .01_','_ 9.; ].,,

i .1500 -3693 406 12.719 .8618 3-6_7_ 9_'_ ,_08_ 9 .0!_1 9.6_J

L.leO0 ,3_5_ .09O I t.72 .7.563 3,7_69 96-6 .21309 .Olh_. 5 9.6C
[,o5oo .339 _ ,01"_ ±,9,7o .658_ 3.8_Ih lO2.3 .21788 .O1_O98 9.7q

l .oo00 ,3237 ._]o 9.7! ,5690 3,911_ ]o6.3 .22_91 .01_98 9-712

.9;'0o .3173 .ooe %33 93_9 3,9_63 108.0 .L_99 .01_8 9,712

,96OO ._i08 .OlO "3,95 ._03_ 3.9604 :O9.8 ._Tll .01_098 9-7P,

.9400 ,30_5 ._4 _-99 ,_728 _,0118 111,7 ,_ .O1_O99 9._io

,92_ .298_ .044 _._h ,i)_39 h ,046_ II_.6 .2_1% 9 .0141£.o 9.731

.9ooo .29_} .O7O 1.9o ._156 b .078-_ 11_,7 ,233D ,0141o2 9-7[,0

,8800 .2&_9 ,IO_ l'._7 3891 _ .]096 I_7.8 ,2360 _ ,Ol_]Oe 9.751

._600 .2_I 7 .]_ {.27 ,]640 h,1401 _.o ,23_0 .01_lll 9._Z_

.8_o0 .2_69 ._o] 6.9"9 .31903 L1697 I_.9 .24078 .o1_1] _ 9._,96,

-P_ *2727 .264 6.71 .]180 2,1986 L9£,7 ,2&321 .014!2 ' 9.?"
.8000 ,2692 .338 5._6 .297o 4.2266 1_7.1 ._4_67 .01_!41 1D.O_4

,76O0 .266_ A21, 6-23 .2773 4,2518 I_9.7 .24817 .0141_ IO._%

.76OO ._S4h -_23 6.03 _89 4.28OO 132.4 .29o68 .Olb! H ]O._j_

,7400 .2635 -63_ W89 .2418 _.3094 13_-2 .2_3_i .Ol%_t,_ 10,6_ ]

.7_oo .e636 .763 5.69. .22}8 L3_97 138.O .29974 .01423S 10.9t_i
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Figure 2.- Coordinate system and convention of notation used in analysis.
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from approximate solutions of
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Lines represent data obtained

using complete equations of

present report,
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Figure 8.- Comparison of several approximate solutions of reference 3

with more accurate solutions obtained using equations of the present

report; V i = l.o, _a = o.
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Figure 9.- The variation with initial flight-path angle of the laminar

convective heat absorbed by noniifting vehicl_s from th_ effective

beginning of entry and from the point where V = 0.995 Vi; V i = 1.0_

_a = O.
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